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The carotid body tumor, termed “paraganglioma” by Herxheimer,* 
“nonchromaffin paraganglioma” by Lattes and Waltner? (based on 
Penitschka’s * and Watzka’s* conceptions of the normal carotid body), 
and ‘‘chemodectoma” by Mulligan,’ is a relatively rare neoplasm. It is 
known to remain stationary during a period of several years without 
causing clinical symptoms of importance and is often confused clinically 
with a caseous lymph node or an aneurysm of the carotid artery. In the 
majority of cases the correct diagnosis is arrived at only through his- 
tologic examination. Until quite recently the surgical removal of the 
tumor caused a high mortality since the common carotid artery had to 
be ligated, but advances in the operative technique have improved the 
prognosis considerably.*® In spite of the apparent minor clinicopathologic 
importance attributed to this tumor, publications concerned with it are 
abundant. 

An excellent description of the microscopic structure of carotid body 
tumor is that of Dietrich and Siegmund’; we are also indebted to them 
for a very complete review of the literature up to 1926. The extensive 
work of LeCompte*® was published in 1951. Other previous reviews 
are those of Klose,® Schmidt,” Brines and Jennings,’ Herzog,’* and 
Masson.** 


MATERIAL AND METHOD 


We have had the opportunity to study 6 cases of carotid body tumor. All were 
fixed in ro per cent formaldehyde, and fragments of 2 of them were also fixed in 
Cajal’s ammonium bromide-formalin. Sections were prepared by both paraffin and 
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frozen section methods and were stained by hematoxylin and eosin and by Gallego’s 
trichrome stain for connective tissue, as well as by variants of this stain for elastic 
fibers, mast cells and cytoplasmic granules. The silver impregnation methods of Gros 
were employed for staining peripheral nerve fibers, and the multiple methods devised 
by del Rio Hortega™ were used to demonstrate reticular fibers, nerve fibrils and 
neuroglial fibers. 


OBSERVATIONS 


The silver impregnation methods are especially valuable in morpho- 
logic research because, when properly used, they display the unique 
preferential properties of staining either a single structure or several 
structures comprising the tissue under consideration. In order to attain 
such flexible specificity it is enough to vary, occasionally slightly, the 
time of fixation, the nature of the fixative, the formula of the impregnat- 
ing solution, the temperature or the time of impregnation, and the 
physical conditions of the reduction. If these variables are intelligently 
utilized, outstanding results can be achieved with silver impregnation. 

The impregnation methods used in this study have enabled us to 
demonstrate for the first time the presence of cells with argentaffin gran- 
ules in carotid body tumors. These are morphologically similar to the 
Kultschitzky * cells in the gastrointestinal tract. We have also been able 
to make original observations concerning the structure of the chief cells, 
which assume a neuronoid appearance similar to that of other receptor 
cells, and the presence of numerous nerve fibers with synaptic connec- 
tions frequently associated with the chief cells. 


Argentaffin Cells 


In various areas in 2 of the 6 tumors examined, we observed variable 
numbers of cells with intracytoplasmic argentaffin granules. In both 
cases, specimens were fixed in 10 per cent aqueous formalin solution. In 
the identification of these granules the criteria suggested by Masson *® 
and accepted by Lillie and Glenner*’ were followed; the granules re- 
duced silver salts in ammonium solutions without the necessity of using 
an extraneous reducing reagent. 

When argentaffin cells were numerous in the carotid body tumor, they 
tended to be distributed at the margins of the tumor lobules. Although 
they appeared to be adjacent to blood vessels, they apparently were not 
actually in the vessel walls but lay rather in strands of connective tissue 
supporting the vessels and separating the neoplastic lobules. Argentaffin 
cells were observed among the chief cells only in those areas where the 
tumor had completely lost its lobular arrangement. The argentaffin cells 
with peripheral lobular distribution were spread out in a remarkably 
uniform manner (Fig. 1), and from the evenness of this pattern there 
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was a distinct impression that these constituted an important histologic 
component of the neoplasm. The cells appeared in significant numbers 
and with clear design; they were neither sparse nor irregularly dis- 
tributed. 

The nucleus of the argentaffin cell was always single and occupied a 
central position. The framework of chromatin had no outstanding or 
peculiar features. The granules were numerous and quite tightly packed. 
They appeared round or slightly elongated and when impregnated with 
silver, frequently hid the nucleus under a thick black mantle. The size of 
the argentaffin cells was relatively large and the granular cytoplasm 
abundant. With silver stains they occupied almost twice the space taken 
up by the nongranular chief cells. Configuration varied; peripherally, 
the contours were rounded, but elsewhere the cells were spheroid, fusi- 
form or flattened and, occasionally, exhibited ameboid prolongations. 
Whatever its shape, the cytoplasm was always densely filled with ar- 
gentaffin granules (Fig. 2). 


Chief Cells 


During the past 6 years there has been a tendency to distinguish two 
classes of chief cells in the normal carotid body and in the carotid body 
tumor. These cells have been designated “light” and “dark,” according 
to the intensity of staining with aniline dyes,’**° or “argentophil” and 
“nonargentophil,” according to their affinity for silver with methods used 
for staining neuronal elements.”! The latter classification is based on the 
concepts of Honjin* concerning nerve cells which form the Meissner 
and Auerbach plexuses in the gastrointestinal tract. Others, however, 
have considered these staining differences to indicate artifacts of fixation 
or functional variations. 

With del Rio Hortega’s ammonium-silver carbonate method for glia 
cells, the parenchyma of the carotid body tumor was observed to be made 
up of cells, all of the same type, with thick, elongated processes (Fig. 3). 
The majority of these chief cells were pyriform, and their sole prolonga- 
tions neither subdivided nor gave origin to smaller branches. Generally 
speaking, one could not see the full length of the prolongation in one 
slide since it was quite long as well as tortuous; tracing its course 
required the use of serial sections. In most of the cells the perikaryon 
was reduced to a narrow band of cytoplasm somewhat thickened and 
strengthened at its site of origin. The cytoplasm was homogeneous, 
transparent, uniformly and moderately argentophilic, and lacked the 
vacuoles or granules which have always been of such concern to students 
of the normal carotid body. The prolongation came to an end at a 
variable distance in a thick, bulbous mass or club. This was often found 
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adjacent to other similar masses and close to the vascular sinusoids 
(Figs. 4 and 5). 

The overall histologic appearance in the carotid body tumor, then, 
is that of a rather loose network formed by the irregularly tangled 
processes which extend from the chief cells and form a complex and 
heterogeneous pattern (Fig. 3). The significance of this is difficult to 
interpret. Using Gros’s method, which stains only some of the cells, 
including their prolongations, one gathers the impression that there is 
not a dominant pattern either for the cell bodies or for their prolonga- 
tions (Fig. 4). Nonetheless, with the del Rio Hortega method which stains 
all the cells and their processes with homogeneous intensity, multiple 
processes are observed to form dense bundles close to the blood vessels 
and end up forming clusters of clubs in close proximity to the endothelial 
wall of sinusoidal capillaries. With the Gros stain some of these bundles 
are noted to be oriented perpendicularly to the course of the blood vessels 
which limit each tumor lobule. This orientation is the opposite of that 
followed by the nerve fibers which are frequently attached to blood ves- 
sel adventitia, and follows very precisely the course of the capillaries, 
as detailed in the following paragraphs. 

The terminal clubs of the chief cell prolongations in carotid body 
tumors are pleomorphic. In some areas there are many long processes, 
crossing in different directions and terminating near the endothelium 
lining the sinusoidal spaces (Fig. 4). It is important to note that the 
clubs do not, in any way, form synaptic connections but rather lie free 
in intercellular spaces. In other areas multiple terminal clubs are lined 
up in such a manner as to resemble a vault which is curved in the course 
of the adjacent capillary (Fig. 5). 


Nerve Fibers 


The capsule and many of the thick connective tissue trabeculae pene- 
trating into the deepest zones of the tumor frequently contain bundles of 
nerve fibers (Fig. 6). Each fiber follows a gently wandering course, and 
each shows variation in its thickness. Altogether the fibers show a defi- 
nite pattern of association. All of these factors are characteristic of 
normal nerve bundles. 

The nerve bundles, on entering the carotid body tumor, are frequently 
related to the large sinusoidal spaces and can be distinguished running 
in contiguity with the endothelial lining over wide zones (Fig. 7). This 
intimate association of nerves and blood vessels is also seen in the normal 
carotid body. Nerve endings present in the carotid body tumor assume 3 
main forms: (a) “boutons terminaux,” which cluster together but are 
independent of one another; these originate from arched interstitial 
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nerve fibrils which exhibit typical intercalated nodule formation (Fig. 
8); (b) end plates which have origin in coarse nerve fibers (Fig. 9); and 
(c) multiple end fibrils which form typical pericellular baskets (Fig. 10). 


DIscussIONn 


In a review of the literature concerning the normal carotid body and 
carotid body tumors, we have encountered but one mention of cells con- 
taining argentaffin granules. Feyrter demonstrated abundant argentaffin 
cells in the normal human carotid body with the Bielschowsky-Gros 
technique.’ Our colleague, Dr. A. Villasana,** using Fontana’s method, 
has also been successful in demonstrating argentaffin granules in cells of 
the normal human carotid body. We have had the opportunity of ex- 
amining the sections kindly provided for us by Dr. Villasana, and we are 
convinced that the aforementioned cells are evident in the normal organ. 

The argentaffin cells in the carotid body tumors appear to be morpho- 
logically similar to those in the gastrointestinal tract as well as those 
recently described by Grasso” in the urethra and prostate gland. Since 
the argentaffin granules in Kultschitzky cells are thought to be involved 
in serotonin production,”®*’ it is possible that those in the carotid body 
tumors may also secrete serotonin (5-hydroxytryptamine), a substance 
which, according to Erspamer and Asero,?* Lembeck,”® and Page,* is a 
vasopressor of great biologic importance. 

The fact that argentaffin cells were not found in all of the tumors 
which we analyzed and that, when found, they only appeared with a 
patchy distribution even in the tumors containing a great number of 
them, does not, in our opinion, make their discovery any less important. 
Even in the normal intestine, they are characterized by great variations 
in distribution.**~** This is also the case in argentaffin cells in the prostate 
gland,” and in the normal human carotid body.** On the other hand, 
the distribution of serotonin in human tissues indicates that the intes- 
tinal mucosa is not the sole site of its production.**** 

Histologists have demonstrated an abundant afferent innervation 
originating in the chief cells of the normal carotid body,***’ and physi- 
ologists have shown that the carotid body acts as a chemoreceptor.***! 
There is therefore no reason to doubt that the chief cells in carotid body 
tumors are specialized receptor elements. With the foregoing in mind, 
we feel that the term “‘chemodectoma” suggested by Mulligan ° is a very 
suitable designation for this lesion. Although it is generally accepted 
that the carotid body is a “paraganglion,” it seems more accurate, in 
the light of recent advances, to consider it as a receptor. If we consider 
the work on the normal carotid body by Martinez,** Willis and Tange,”° 
and Ross,** and the studies of Willis and Birrel** as well as the present 
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investigation on the carotid body tumor, the conclusion may be reached 
that the chief cells are ‘‘argentophil” in technical circumstances similar 
to those which prevail when some neurons show the same property. 
Argentophilia is also a common quality in many varieties of neuroglia 
and in certain specialized receptors such as the rods and cones of the 
retina, olfactory cells, and taste buds. 

The differences in form, structure, and staining which have been ob- 
served in normal and neoplastic cells in the carotid body when the silver 
impregnation methods of Bielschowsky or of Gros were used, seem to 
us to be the result of technical artifacts and to have no real importance 
as far as the possibility of different cellular varieties is concerned. The 
techniques of del Rio Hortega indicate that all of the chief cells in carotid 
body tumors are of the same type and constitute a single morphologic 
entity. 

Finally, we believe that it is significant and important that all of the 
carotid body tumors we have studied contained an abundant innervation. 
Since there is no anatomic or functional reason to suspect that the in- 
nervation of the carotid body tumor has essential differences from that 
in the non-neoplastic organ, we can assume that the carotid body tumor 
fulfills functions which are similar if not identical to those of the normal 
organ. Nerve fibers have been seen in carotid body tumors by Chase ** 
and Gordon-Taylor,** but they have not always been closely associated 
with the neoplastic parenchyma and have been seen only in very small 
numbers. The majority of those who have written on this subject have 
not mentioned the existence of nerve fibers, or have considered them to 
be inconspicuous and unrelated to the tumor itself.®*%*7 


SUMMARY 


The silver impregnation methods of del Rio Hortega and Gros demon- 
strate the morphologic properties of receptor cells in the chief cells of 
carotid body tumors. Stained with silver, these appear as pyriform cells 
with single, long, thick processes exhibiting clublike endings. The 
clubbed ends do not exhibit synaptic connections, at least with the 
staining methods employed. The clubs are generally grouped around 
blood vessels although some appear as isolated elements among other 
chief cells. The prolongations are so long and tortuous that their origin 
and termination do not generally appear in the same plane. They pass 
from one tumor lobule to another, occasionally forming thick bundles 
which cross blood vessels and end at various distances from their points 
of origin. 

In addition to the chief cells, some carotid body tumors contain ar- 
gentaffin cells which are morphologically similar to the Kultschitzky 
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cells of the gastrointestinal tract. When found, these are very abundant 
and exhibit an organoid distribution among the delicate connective tissue 
strands and capillary sinusoids which form the boundaries of tumor 
lobules. 

In the absence of fibrosis and atrophy, all of the neoplastic lobules 
are innervated by a prominent framework of nerve fibrils which have a 
normal appearance and are equipped with “boutons terminaux,” end 
plates, and terminal baskets synaptically related to the parenchymal 
cells. 
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LEGENDS FOR FIGURES 


Fic. 1. A panoramic view of the general structure in the carotid body tumor. 
Argentaffin cells are regularly distributed at the periphery of the lobules. Rio 
Hortega method. X 120. 


Fic. 2. Argentaffin cells in a carotid body tumor. Cells containing the intracyto- 
plasmic granulations have a perilobular distribution and are independent of the 
blood vessels and chief cells. Rio Hortega method. X 650. 
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Fic. 3. Chief cells in a carotid body tumor are pyriform and emit a long and broad 
prolongation. Three of them have been surrounded by a black line in order to 
make them conspicuous. The chief cells and their prolongations form a loose, 
irregularly arranged network. Rio Hortega method. X 650. 


Fic. 4. The chief cell processes in a carotid body tumor are deeply stained. They 
have no definite orientation, but several of them end in clublike bulges in the 
neighborhood of sinusoidal walls. Gros method. xX 255. 
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.5. Several endings of chief cell processes are gathered beneath the endothelium 
of a sinusoid in a carotid body tumor. The club-shaped endings in all probability 
represent active chemoreceptor structures, which transmit impulses to afferent 
nerve fibers. The latter take origin in synaptic connections with the perikaryon 
of chief cells. Gros method. xX 650. 


;. 6. Nerve fibers with normal morphologic characteristics are abundant in the 
capsule and broad trabeculations of a carotid body tumor. Rio Hortega method. 


. 7. A bundle of nerve fibers is deeply seated within the tumor substance. The 
bundle runs along the wall of a sinusoid, and isolated fibers are detached from 
the bundle and penetrate the tumor lobules. Rio Hortega method. x 255. 


.8. Some typical “boutons terminaux.” Gros method. X 650. 
.g. A double ending plate is shown enfolding a chief cell. Gros method. x 650. 


. 10. A terminal basket closely encircles another chief cell. Gros method. X 650. 
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PRIMARY POLYDIPSIA AND HYDRONEPHROSIS 
IN AN INBRED STRAIN OF MICE 


EMANUEL M.D.*; Leon Soxotorr, M.D.; OtaF MIcKELsEN, Pu.D., 
anp Georce E. Jay, Jr., 


From the National Institute of Arthritis and Metabolic Diseases 
and Division of Research Services, National Institutes of Health, Bethesda, Md. 


This paper describes a hereditary, apparently primary polydipsia 
and polyuria affecting more than go per cent of STR/N mice.’ Individual 
animals have consumed up to 120 ml. of fluid, or 5 times their body 
weight, in 24 hours. In older males, the polyuria was complicated by 
massive hydronephrosis that developed in association with an obstruc- 
tive plug in the lumen of the urethra. The STR/N mice were originally 
developed by Strong from the NHO strain by injection of 3-methyl- 
cholanthrene between the Fs and Fez generations. They were transferred 
to the Inbred Colony of the National Institutes of Health in 1951 in the 
F 2s generation for studies of gastric neoplasia. Although it will be shown 
that the syndrome probably existed in isolated individuals at that time, 
it has come to affect large numbers of animals only in recent years. The 
insatiable thirst of the mice does not correspond to other generally recog- 
nized disorders characterized by polydipsia. Two separate components 
of the syndrome have been investigated: (a) the nature of the polydip- 
sia; and (b) the pathogenesis of the hydronephrosis. 


MATERIAL AND METHODS 
Animals 

The initial observations were made on 255 STR/N males during other dietary 
studies* designed to carry the animals to 16 months of age. Simultaneous control 
observations were made on 419 mice of 3 other strains employed in these studies 
(DBA/2JN, 140; C57L/HeN, 175; and STR/1N, 104). Special studies were carried 
out, as listed in Tables I to VIII, on male and female STR/N mice at various ages 
and on several control strains: DBA/2JN, A/LN, A/HeN, BALB/cAnN, C57L/HeN, 
and STR/1N. The last mentioned strain, STR/1N, arose as a mutant of the STR/N 
and differs from it in coat color, in spontaneously developing obesity and in marked 
susceptibility to degenerative joint disease. 


Housing and Diet 


One to 5 mice were housed in plastic cages in a room maintained at 78° + 2° F. 
The basic stock diet was Purina Laboratory Chow with water ad libitum. The special 
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diets included: 10,046, containing 60 per cent vegetable fat; 10,046A, the same as 
the preceding but diluted with inert filler; 10,oo5A, Ingle’s diet, that produced 
obesity by withholding drinking water except what was admixed with the food. The 
composition of these diets has been presented elsewhere.” 

It is estimated that the amount of water each mouse ingested with the Ingle diet 
(10,005A) was 3.2 ml. per day. In effect, this regimen served as a restriction of water 
intake since the water consumed by the STR/N mice on an ad libitum intake at times 
reached 120 ml. A complete, purified diet (4,419A) with water ad libitum, also was 
fed to 30 STR/N mice; it did not affect the development of the syndrome, and 
therefore its results will not be described further. 


Urinalysis 
Methods for collecting urine directly from single mice and determining the specific 
gravity and osmolarity are described elsewhere.’ Urine output was measured for 
periods up to 24 hours from 1 or more mice by means of glass metabolism cages 


which permitted the separate collection of urine and feces. Sodium concentration 
in the urine and plasma was determined by flame photometry. 


Histologic Procedures 


Serial histologic sections of the hypothalamic-pituitary gland region were made 
in 4 male STR/N and 2 control (A/LN and DBA/2JN) mice approximately 1 year 
old. In 1 polydipsic and 1 control mouse, the tissues were perfused via the right 
ventricle with Zenker’s solution and sectioned in a horizontal plane parallel to the 
base of the brain. The blocks of tissue from these 2 animals were stained for neuro- 
secretory substance by Gomori’s chromalum-hematoxylin method.‘ In the other 
animals, the hypothalamic tissues were sectioned coronally and stained with aqueous 
toluidine blue or chromalum-hematoxylin. Sections of pituitary gland from 1 poly- 
dipsic STR/N and 1 control mouse were also stained by Glenner and Lillie’s pro- 
cedure.” Conventional hematoxylin and eosin-stained sections were made of adrenal, 
salivary, and thyroid glands, kidney, and pelvic tissues. Kidneys of several young 
STR/N mice prior to development of hydronephrosis were also examined for esterase 
activity of the vascular bundles by the naphthol AS-LC acetate method of Burstone.° 


Experimental Manipulation 


Details of the various procedures designed to elucidate the nature of the poly- 
dipsia (water deprivation, adrenalectomy, etc.) are presented in the tables and text. 
The hormonal preparations used were: pitressin tannate in oil (Parke, Davis & Com- 
pany); DOCA (deoxycorticosterone acetate, Gotham Pharmaceutical Company), 
5 mg. per ml.; ACTH (adrenocorticotropic hormone, National Drug Company) 20 
units per ml. 

RESULTS 


Description of the Syndrome 


Occurrence and Mortality. Although polydipsia could be detected in 
3-month-old STR/N mice fed a commercial stock diet by measuring the 
water intake (Table I), it became grossly obvious at 9 months of age. 
At that time go per cent of the animals were affected, as shown by the 
rapidity with which the water bottles emptied and the wood shavings 
became soaked with urine. The water consumed by unselected STR/N 
mice was approximately 6 times greater than the consumption by control 
animals (Table II). The mean urine output of the same animals was 
also much greater. Thus the mice with polydipsia imbibed, on the aver- 
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TABLE I 
EFFECT OF AGE ON WATER INTAKE IN STR/N MICE 


Age (mo.) No. of cages measured * Mean water intake ¢ 
3 12 9420.71¢ 
5-7 II 15.8 + 2.0 
8-9 7 324464 
10 14 273 = 23 
11-16 13 30.6 + 1.1 


* One to 5 mice per cage, measured from 2 to 7 days; male. 
+ MI. per mouse in 24 hours. 
t Standard error of the mean. 


TABLE II 
WATER INTAKE AND URINE OUTPUT OF STR/N AND OTHER STRAINS OF MICE (MALES) 


Mean 
No. of Age body wt. Mean Mean 
Strain groups*  (mo.) (gm.) water intake urine output 


STR/N 4 II-14.5 314 374268 432123 
Control § 6 12-14 33.0 + 4.1 5.9 +0.7 0.8 + 0.3 


* One to 4 mice per group. 
+ MI. per mouse in 24 hours. 
t Standard error of the mean. 
§ STR/1N, BALB/cAnN, A/LN, DBA/2JN, Cs57/HeN. 


age, more than their body weight in water each day, and in isolated in- 
stances the figure reached as much as 5 times this. Polydipsia, but not 
hydronephrosis, occurred to the same extent and severity in females 
and males (Table III). Of 83 male STR/N mice started on the com- 
mercial stock diet at weaning, only 17 (21 per cent) survived 16 months. 
In contrast, the survival rates in control strains were: C57L/HeN, 50 of 


Taste III 


EFFECT OF WATER INTAKE AND URETHRAL PLUG ON HYDRONEPHROSIS AND MORTALITY IN MICE 


Frequency of 


urethral Water Hydro- 
Strain Diet Sex plugs * intake t nephrosis Mortality 
‘aie M 14/14 2822%3.0% 43/48 (89%) 66/83 (79%) 
to 
STR/N F 0/11 25.2434 0/1r (0%) 0/11 (0%) 


10,00sA M 7/7 3.20.2 0/25 (0%) 4/27 (15%) 
Control § Stock M~ 26/28 5.30.3 0/28 (0%) Variable 


* Frequency of urethral plugs based on animals whose water intake was measured (9 to 
16 months old). Frequency of hydronephrosis based on those animals killed or not too 
autolyzed for examination when found dead. Mortality based on all animals 16 months of 
age. 

+ M1. per mouse in 24 hours. 
t Standard error of the mean. 
§ BALB/cAnN, Cs57L/HeN, STR/1N, DBA/2JN, A/LN, Cs7BL/6JN. 
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53 (94 per cent); DBA/2JN, 25 of 33 (75 per cent); and STR/1N, 
24 Of 47 (51 per cent). The relatively low survival of the last strain 
resulted from a pelvic inflammatory disease (lower urinary tract) unre- 
lated to the present syndrome. 

The high mortality of the STR/N males was attributed to hydrone- 
phrosis since this was severe and was the only consistent gross alteration 
observed post mortem. Further evidence of this is provided by the 
absence of hydronephrosis in and by 100 per cent survival to 16 months 
by STR/N females with polydipsia (Table IIT). 

Hydronephrosis. At necropsy, massive distention of the bladder, hy- 
droureter and hydronephrosis were seen regularly in male STR/N mice 
dying spontaneously (Fig. 1). In advanced cases, the kidneys were con- 
verted into thin-walled sacs with little or no discernible parenchyma. As 
much as 22 ml. of urine (65 per cent of body weight) was recovered 
from the urinary tract in individual animals. In 9 males, the average 
volume of fluid in the urinary tract was 10.4 + 1.5 (standard error) 
ml.; right kidney, 4 + 1; left kidney, 1.8 + 0.3; and bladder, 4.6 + 0.4. 
Hydronephrosis was not present in 2 male STR/N mice dying at 4 and 
7 months of age, but it was manifest in 33 of 34 males dying between 8 
and 15 months, and in 10 of 14 males sacrificed at 16 months of age. In 
living animals, an enlarged bladder was palpable in 17 of 24 animals 
10 months old and in each of 7 males surviving to 13 to 16 months. En- 
larged kidneys were palpable in only 2 of the former and 5 of the latter 
age groups. Histologic sections of the distended urinary bladder and the 
hydronephrotic kidneys from several animals disclosed little or no in- 
flammatory infiltration. In animals killed before the development of 
hydronephrosis, the kidneys were grossly and microscopically normal. 
Esterase activity of the type suggested to be associated with the medul- 
lary urinary concentrating apparatus in rats‘ was normal. 

Urethral Plugs in Male Mice. The urethral lumen of older male mice 
of all strains contained a white, rubbery mass that conformed to the 
contours of the passage. The plugs occupied a variable proportion of the 
urethra. They usually extended proximally to the origin of the seminal 
ducts and sometimes through the bladder neck into the bladder (Fig. 2). 
The urethral plugs were not found in female mice. Plugs were not present 
prior to sexual maturation. Microscopically, the plugs were brightly 
eosinophilic and homogeneous, thus resembling seminal vesicle fluid. 

The plugs in the STR/N mice were not larger than those of other 
strains (Table IV). Nevertheless, the absence of plugs in females and 
their failure to develop hydronephrosis in spite of the polydipsia indi- 
cates that the plugs acted as obturators in the STR/N males. 
Hypothalamic, Endocrine, and Salivary Tissues. Abundant neuro- 
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secretory substance was present in the posterior pituitary lobe as well as 
the supra-optic nucleus and paraventricular fibers (Fig. 3). There was 
no distortion of the third ventricle. No areas of necrosis, loss of nuclei 
or gliosis of the hypothalamus were seen. The anterior pituitary lobes 
were normal histologically. The weights of the STR/N pituitary glands 
were similar to those of control strains of mice without polydipsia 
(Table IV). The adrenal glands of STR/N animals with polydipsia, 
not complicated by hydronephrosis, were comparable to those of con- 


TABLE IV 
WEIGHTS OF ADRENAL, PITUITARY AND URETHRAL PLUG IN STR/ NN AND OTHER STRAINS OF MICE * 


Weight 
No. of Body Adrenal Pituitary 
Strain animals (gm.) (mg.)t (mg.) 


STR/N 
(no hydronephrosis) 
STR/N 
(hydronephrosis) 
BALB/cAnN 


Urethral 
plug (mg.) 


319223 417 1.49 +0.06t 


10.9 + 7.03 
32.709 


40.0 + 5.0 
30.5 + 0.9 


7-74 1.34 1.50 
3-77 £0.09 1.52 + 0.02 


Cs57L/HeN 
STR/1N 
DBA/2JN 
A/LN 
C57BL/6JN 


25.0 + 2.0 
45-5 

29.4 + 1.0 
30.1+03 
28.9 $0.5 


3-75 + 0.62 
5.12 

3.29 + 0.12 
3.60 + 0.07 
2.68 + 0.09 


1.52 £0.12 
1.70 

1.58 + 0.09 
1.60 + 0.07 
1.80 + 0.25 


56.4 + 8.6 

3.02 

14.6 + 5.1 

18.3 + 6.1 


* Nine months old, retired male breeders. 
t Weight of both adrenal glands. 
¢ Standard error of the mean. 


trol mice (Table IV), but they became larger when hydronephrosis de- 
veloped. Histologically, the adrenal glands were normal. The relative 
weights of the thyroid glands of the STR/N strain were high,® but other 
organ weights (lung, liver, spleen and nonhydronephrotic kidney) were 
not excessive. The salivary glands were normal histologically. 

Urinalysis. The urine of STR/N mice was characteristically pale or 
colorless rather than amber-colored as in mice of strains without poly- 
dipsia. It was dilute and could be distinguished from urine of other 
strains at all ages (1 to 18 months) by its low specific gravity (Table V). 
The diluteness of the urine was also apparent from the low osmolarity, 
low sodium and total ionic concentration (Table VI). In severely af- 
fected animals, the specific gravity of the urine fell to values as low as 
1.0035, compared to control values ranging from 1.031 to 1.130.* The 
mean osmolarity of the urine of STR/N mice was approximately % of 
the control values. The sodium and total ionic concentrations in the 
urine of the STR/N mice were much lower than in the controls (Table 
VI). No protein or reducing substance could be detected in the urine. 
Bacteria and unidentified mononuclear cells were present microscop- 
ically. 
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TABLE V 
EFFECT OF 7-HOUR WATER DEPRIVATION ON URINE SPECIFIC GRAVITY AND BODY WEIGHT 


Mean Loss of Mean urine specific gravity 
No. of body wt. body wt. Before water After water 
Strain Sex animals (gm.) (%) deprivation deprivation 
STR/N F 6 torotesor* 104220003" 
4 34223 45214 1.008 + 0.003 1.023 + 0.006 
M 
at 226 5.9% 2.5 
Ft 5 76 22:3 48+08 1.043 = 0.007 > 1.080 
Control 
M§ 4 333. 2328 334068 I.051 + 0.011 1.080 


* Standard error of the mean. 


+ Three mice fed diet 10,046, high fat; all other mice fed stock diet. 
t A/LN, BALB/cAnN. 
§ A/LN, BALB/cAnN, STR/1N. 


TABLE VI 


PLASMA AND URINE OSMOLARITY, SODIUM CONCENTRATION AND IONIC CONCENTRATION 
IN STR/N AND CONTROL MICE * 


Tonic concen- 


Osmolarity Sodium tration 
(mosm. per kg.) (mEq/1.) (ppm.) 
Strain Diet Age Plasma Urine Plasma Urine Plasma Urine 


Controlt Stock 6mo. 327+3 1730+ 95f 146.97 151.23 + 26.44% 7620 43,800 


(6) § (17) (6) (3) (2) 
STR/N 6 mo. 684 + 44 
Stock (6) 
6mo. 325+ 10 298 + 27 147.17 1.07 1545 3.52 7960 
(7) (24) (3) (8) (2) 
4,419A 351 + 28 
(3) 
10,046A 467 + 44 
(3) 
10,005A 1906 + 98 
(4) 


(1) 


3780 
(2) 


* Males and females. 


+ DBA/2JN, Cs57L/HeN, BALB/cAnN, (DBA/2JN x A/LN)F;, (A/LN x DBA/2JN)F,. 
t Standard error of the mean. 
§ Number of determinations; some of the plasmas are pooled from 2 mice. 


Osmotic Concentration of Plasma. The plasma of STR/N mice with 


polydipsia was normal in osmolarity, sodium and total ionic concentra- 
tions (Table VI). 


Experiments to Elucidate the Polydipsia 


Effect of Pitressin. To determine whether lack of endogenous anti- 
diuretic hormone or lack of renal response to it was responsible for the 
polyuria and polydipsia, a study was made of the effect of intramuscular 


— 
= 
— 
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injection of pitressin on urine specific gravity and water intake of 
STR/N and control mice. The specific gravity of the urine of 6 STR/N 
mice, 7 to 9 hours following injection of the pitressin, increased from 
1.009 to 1.024, while in the 6 control mice the corresponding values 
were 1.05 and 1.087 (Text-fig. 1). The specific gravity returned toward 


1.120 T T T T T ' 
© CONTROL 
®STR/N 
1090+ 
> T 
© 1060- + = 
o 
S 1050r + + 
a 
WwW 
= 1.040- + 
= 
LOIO « 4 
{PITRESSIN ferrnessin 
1,000 1 
o 79 1041 7 10-11 


HOURS AFTER INJECTION 


TEXT-FIGURE 1. Effect of injection of pitressin on the specific gravity of urine for 6 
STR/N mice (both sexes) and controls, A/LN and DBA/2JN (both sexes). Each point 
represents the mean with the standard errors. The data on the left were obtained when 
the animals received water ad libitum while those on the right were obtained when another 
group of mice received injections of 0.05 ml. of saline at zero time; 0.25 pressor units of 
pitressin tannate in oil were injected intramuscularly. 


the original figure 10 to 11 hours after the injection. When saline had 
been injected 7 hours previously, a similar increase in the specific gravity 
of urine from STR/N and control mice following administration of pi- 
tressin was seen (Text-fig. 1). Pitressin also reduced the water intake of 
the STR/N and the strains without polydipsia (Text-fig. 2) for a day 
or two. Nevertheless, in these experiments pitressin changed neither the 
water intake nor the urinary specific gravity in the STR/N mice to that 
of the strains without polydipsia. 


Effect of Acute Deprivation of Water. Withholding drinking water 
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for 7 hours produced a sharp rise in urinary specific gravity in both 
STR/N and control mice (Table V). The degree of concentration 
achieved by STR/N mice under these conditions was not as great as 
that in the control animals, while the loss of body weight was as great or 
greater (Table V). 


contro. [ ]sTR/N 


WATER INTAKE, ML/MOUSE /24HRS 


3 


TEXT-FIGURE 2. Effect of injection of pitressin on consumption of water by STR/N 
and control mice (mean with standard errors). 


4 6- 


DAYS 


Effect of Chronic Deprivation of Water. As already noted, the Ingle 
diet (10,005A) in effect restricted water intake to approximately 3.2 ml. 
a day. By this means hydronephrosis was completely prevented and the 
mortality reduced from 79 to 15 per cent at 16 months of age (Table 
III). The urine of the STR/N mice receiving diet 10,005A was much 
more concentrated (Table VI) than in the mice fed the commercial stock 
diet drinking water ad libitum. The osmolarity of the urine from STR/N 
mice receiving this limited quantity of water was comparable to that of 
control strains (Table VI) which drank similar amounts of water on an 
ad libitum basis (Table III). An even greater degree of urinary concen- 
tration was achieved by STR/N mice with more stringent restriction of 
water intake. Seventeen 2-month-old STR/N females were maintained 
for 68 hours on a diet of bread soaked in milk with no drinking water. 
At the end of that time the specific gravity of the urine exceeded 1.11 in 
8 and averaged 1.094 in the other 9 mice. This corresponds to 3,700 and 
3,160 mosm. per kg. of water.® 

Thus the polydipsia was nonobligatory since the STR/N mice sur- 
vived, conserved water and excreted a highly concentrated urine when 
water intake was restricted. 

Effect of Adrenalectomy. The effect of bilateral adrenalectomy on 
fluid intake (water and o.9 per cent saline) was determined in STR/N 
and control animals (Table VII). A daily intramuscular injection of 
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1 mg. of DOCA was given postoperatively to one group of adrenalec- 
tomized mice maintained on tap water. A second group received no 
DOCA but was given saline to drink for several days prior to and for 
4 to 13 days following adrenalectomy. A third group of mice received 
water prior to, and saline following surgery. Sham operations were per- 
formed by comparable dorsolumbar body-wall incisions without remov- 
ing the glands. Exploration for accessory adrenal tissue was not carried 
out, but ectopic glands were not apparent at the time of operation. The 
data are presented only for those mice surviving at least 2 days. 

All STR/N mice showed an appreciable reduction in fluid intake fol- 
lowing adrenalectomy while the control mice did not. Adrenalectomy, 
however, did not reduce the water intake to that of the controls. In a 
few STR/N mice, fluid intakes were comparable to those of STR/1N 
mice which became obese and had the highest water consumption of 


TaBLe VII 
EFFECT OF ADRENALECTOMY ON FLUID INTAKE IN STR/) N AND CONTROL MICE 


Fluid consumption (ml.) 


Days studied 
Strain and Age Pre-operative Postoperative post- 
no. of mice Sex (mo.) Water Saline Water Saline DOCA operatively 
STR/N (3) M 9-15 403 19.0 + 5-18 
(28-54) * (12-24) 
STR/N (2) M Q-I0 = 26 34 + 68 
sham operated (25-26) (31-37) 
subsequent 
adrenalectomy 17 + 10-11 
(13-22) 
STR/N (3) M Q-II 20 27 22 — 4-13 
(10-35) (14-52) (8-49) 
STR/N (2) 
sham operated M 10-1r 20 21 16 + 738 
(19-22) (20-21) (15-16) 
STR/N (3) F 12 29 17 — 2-9 
(20-37) (8-28) 
STR/1N (4) M 8-10 14 14 + 22-23 
(11-17) (11-17) 
STR/1IN (5) M 8-12 14 23 21 — 12-17 
(10-18) (16-34) (13-33) 
Cs57L/HeN M 7 8 12 12 — 8 
BALB/cAnN (1) M 4 8 6 8 — 10 
BALB/cAnN (3) F 12 9 II — 7-8 
(8-11) (10-11) 


* Range of values. 


the control strains studied. The reduction in fluid intake was less marked 
when the animals had been primed with saline. Actually, the reduction 
in fluid intake of the latter mice (adrenalectomized) was no more than 
that observed in the sham-operated, saline-primed STR/N mice. 
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Effect of STR/N Plasma on Water Consumption in BALB/cAnN 
Mice. To see if a factor in the plasma of STR/N was responsible for the 
polydipsia, 1 ml. of fresh heparinized plasma from STR/N mice was 
injected intraperitoneally into each of 2 BALB/cAnN mice. Plasma 
from Cs57L/HeN mice without polydipsia was used as a control. The 
BALB/cAnN mice receiving injections of STR/N plasma showed no 
greater water consumption (A = 1.7 ml. per mouse in 24 hours) than 
those receiving plasma from control (C57L/HeN) animals (4 = 1.6); 
the specific gravity of the urine 9 hours after injection of the plasma 
was reduced to the same extent in both groups (A = —o.006 and —o.008 
respectively ). 

Effect of Reserpine and Chlorpromazine. Since hypothalamic regions 
controlling water intake have been found in several species, the effect 
of reserpine and chlorpromazine on the polydipsia of STR/N mice was 
studied. These compounds block hypothalamic pathways,° and in rats, 
chlorpromazine depresses water intake.’® Intramuscular injection of 
reserpine (0.3 mpg. per gm. of body weight) in 2 STR/N males resulted 
in a slight to moderate reduction of water intake, but failed to decrease 
it to nonpolydipsic levels. A similar result was obtained by the injection 
of chlorpromazine (1 »g. per gm. of body weight) in 1 STR/N and 1 con- 
trol mouse. The possible nonspecific reduction of water intake resulting 
simply from needle puncture and endogenous release of pitressin was 
not controlled in this experiment; however, in another experiment, 
needle puncture with the injection of physiologic saline resulted in no 
increase of urinary specific gravity after 4 hours. 

Effect of Dietary Fat. STR/N mice fed diets having a high content of 
vegetable fat, 10,046 (60 per cent) and 10,046A (37.4 per cent), showed 
a reduction of polydipsia, polyuria, the incidence of hydronephrosis 
and mortality (Table VIII). The osmolarity of the urine from STR/N 
mice receiving diets 10,046A with water ad libitum was somewhat 
greater than that of animals on the stock regimen (Table VI) but not 
as great as that in control strains without polydipsia. 

Effect of Water Consumption ad Libitum After 15 Months of Re- 
stricted Intake. Diet 10,005A was fed to 8 STR/N mice from weaning 
to 16 months of age. These animals were restricted in water consump- 
tion since they received only the water mixed with the diet (about 3.2 
ml. per mouse in 24 hours). At the end of the 16th month, water bottles 
were attached to the cages of these mice. Less than 30 minutes there- 
after, the mice drank the water avidly and continuously for several min- 
utes. Water intake rose from the estimated 3.2 ml. per day to 19 ml. by 
the third day, and to 30 ml. after 66 days. Concomitant with this, the 
specific gravity of the urine fell from 1.043 to 1.009 and 1.006 respec- 
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TasBLe VIII 
EFFECT OF DIETARY FAT ON WATER INTAKE AND URINE VOLUME IN STR/, N MICE (MALES) 
Diet No. Mean 
Fat of body wt. Mean water Mean urine Hydro- 
Type (%) mice (gm.) intake output * nephrosis Mortality 
Il 344+ 07$ 2908+ 3.6 
Stock ‘ 6 252332 90% 40 143241 43/48 (89%) 66/83 (79%) 


anaes & 2 6132141 230190 8521.5 10/32 (31%) 28/49 (57%) 
10,046A 374 3 449% 38 164 24 4/23 (17%) — 9/30 (30%) 


82 37 4322 37 


* MI. per animal in 24 hours. 

t Mortality by 16 months of age based on all animals in the experiment; frequency of 
hydronephrosis based only on those animals killed or not too autolyzed when found dead. 

} Standard error of the mean. 


tively. However, the 8 STR/N mice thus allowed to imbibe water ad 
libitum had no hydronephrosis when killed 66 days later. 

Nature of the Urethral Plugs. In an attempt to identify the plug with 
the seminal vesicle fluid, TRIS buffer extracts of this fluid and a urethral 
plug were made; chromatographic patterns of these extracts on a DEAF 
cellulose column at 4° C. showed that the proteins were not identical.” 
Two male STR/N mice in which orchiectomy was performed at 1 month 
of age had no urethral plug 4 months later, unlike all other males at a 
comparable age. 


DIscussIon 


The STR/N mice have a genetic abnormality characterized by an 
extreme polydipsia and polyuria apparently serving no useful physio- 
logic purpose. Actually, in male mice, the polyuria is responsible for a 
high mortality that can be overcome by restricting water intake. These 
animals have such a strong innate thirst that even though they have 
never been exposed to drinking water for periods as long as 15 months 
after weaning, they immediately and ravenously drink large volumes 
as soon as water becomes available. 

There are 3 mechanisms that might explain polydipsia and polyuria: 
(a) excessive loss of water through the kidney; (b) disturbances in 
extra- and intracellular osmotic balance; and (c) excessive water intake 
resulting from a disturbed thirst regulation. The data from the present 
study suggest that the third possibility is the most likely one. 

It is doubtful that polyuria was the primary pathologic process in this 
syndrome. This was indicated by the fact that when water consumption 
of the STR/N mice was restricted, they responded by excreting a con- 
centrated urine and consequently did not die from dehydration. The 
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kidneys in these mice responded to pitressin as did those of control ani- 
mals. There was no histologic evidence of intrinsic renal disease or of 
disturbance in the medullary urine-concentrating apparatus. The ab- 
sence of reducing substances and the diluteness of the urine were evi- 
dence that a disturbance similar to diabetes mellitus was not involved. 

The present data provide little direct evidence concerning a possible 
disturbance in extra- and intracellular osmotic balance. The plasma 
osmolarity of the STR/N mice receiving water ad libitum was the same 
as that in control mice. Unfortunately, we do not have comparable data 
for STR/N mice whose water intake was restricted. It is difficult to 
think that such an imbalance would permit normal growth and devel- 
opment over a period of 16 months or more. 

Adrenal steroids are known to affect the rate and extent of water 
excretion” and also to alter the distribution of electrolytes in body 
tissue fluids. Adrenal cortical tumors produce a syndrome of polydipsia 
and polyuria in mice.’* The size and structure of the adrenal glands were 
normal in STR/N mice with polydipsia uncomplicated by hydronephro- 
sis. It may be assumed that the enlarged adrenal cortex associated with 
hydronephrosis was secondary to the obstructive uropathy. The diminu- 
tion, albeit not abolition, of polydipsia in STR/N mice by adrenalectomy 
is difficult to evaluate. There was considerable variation in this response. 
When due allowance is made for the general debility of these animals 
following adrenalectomy and for the possibility that ectopic cortical 
tissue may have been overlooked, the fact that there was no uniform 
suppression of polydipsia is reasonable evidence that the polydipsia was 
not the result of primary hyperadrenocorticism. 

For the above reasons and because of the apparent thirst of the water- 
restricted STR/N mice (fed ration 10,005A), it would appear that the 
polydipsia is the primary factor in the present syndrome. The mecha- 
nisms for regulating thirst include central (hypothalamic) and peripheral 
(oral and gastric) osmoreceptors.® In the STR/N mice there was no 
histologic evidence of hypothalamic or posterior pituitary abnormalities; 
they both contained abundant neurosecretory substances. The normal 
serum osmolarity of the STR/N mice is in keeping with the histologic 
evidence of abundant neurosecretory material within the neurohy- 
pophysis. The action of pitressin in reducing water consumption and 
producing a more concentrated urine cannot be interpreted as evidence 
of insufficiency of endogenous antidiuretic hormone production. The 
dose of pitressin used was enormous—about 3,000 to 5,000 times the 
minimum effective intravenous dose (0.05 m.u. per 20 gm. of mouse **), 
albeit administered intramuscularly in an oily menstruum. It caused a 
similar response in strains without polydipsia. Although pitressin is be- 
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lieved to influence urine volume through its action on the distal tubule,”® 
there is some evidence that it also affects osmoreceptors.*® 

Some of the hypothalamic osmoreceptors appear to be related, spa- 
tially at least, to the appetite centers.'*~® It is therefore of interest that 
the STR/N mice are closely related genetically to STR/1N mice that 
become obese spontaneously and have the highest water consumption 
of the strains with polydipsia studied. Chlorpromazine, which depresses 
food and water consumption in rats,?° presumably by acting on hypo- 
thalamic centers, reduced but did not abolish the polydipsia in STR/N 
mice; reserpine did likewise. In the STR/N mice, the salivary glands, 
which have at times been implicated in the regulation of water intake,’® 
were normal histologically. 

Special studies of the stomachs of these mice were not made, but it 
is noted that the STR/N mice were originally developed for investiga- 
tions of gastric neoplasm. The necropsy records shortly after the strain 
was received at the National Institutes of Health in 1951-1952 noted 
massive hydronephrosis in 2 of 52 STR/N males dying after 1 year of 
age. Thus, the trait was present in this stock years ago and apparently 
was inbred fortuitously into successive generations until it came to affect 
more than go per cent of the animals. Since 3-methylcholanthrene was 
used in developing the STR/N strain, one might speculate about the 
role of the carcinogenic agent in inducing the anomalous pattern of 
water consumption. 

The severity of the polydipsia was influenced to a certain extent by 
the type of diet fed the animals. The greatest water consumption by 
STR/N mice occurred when they were fed the stock diet. The large 
water intake was not a unique result of this diet since a comparable poly- 
dipsia occurred in mice fed a purified diet of low caloric density 
(4,419A). The water consumed by the STR/N mice fed the high fat 
diet (10,046 and 10,046A) was considerably less than that of the ani- 
mals fed the stock diet. When high fat diets are consumed, the oxidation 
of the foodstuffs produces a larger amount of water than when low fat 
diets are used. On this basis it can be argued that the mice fed the high 
fat diets secured more metabolic water than those fed the low fat diets 
and this, in turn, should reduce their water intake. This is, however, not 
the sole explanation for the action of the high fat diet in reducing the 
polydipsia since there was a concomitant reduction in urine volume. 
Actually, the reduction in urine volume was great enough to produce a 
reduction both in the occurrence of hydronephrosis and in mortality. 

The hydronephrosis in male STR/N mice appeared adequately ac- 
counted for by the polydipsia which produced large urine volumes. The 
plugs in the urethral passage impeded the movement of the large vol- 
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umes of urine in the mice with polydipsia. Comparable plugs occur in 
males of other strains, but they presumably do not lead to kidney ab- 
normalities since mice of other strains have small urine volumes. The 
plug appeared essential for the development of hydronephrosis, since in 
females, where the plugs were not present, the polydipsia did not lead 
to the kidney disturbance. The plugs presumably were of seminal origin 
because they did not appear in mice which had had orchiectomy. The 
proteins in the plug may have differed from those in the seminal fluid 
as a result of (a) accretion of other substances such as spermatozoa and 
secretions of the coagulating and other glands; (b) modification of the 
plug proteins by the preceding; and (c) leaching out of certain plug 
proteins by urine. 

The various experimental manipulations performed to elucidate the 
genesis of the polydipsia and polyuria disclosed no appreciable differ- 
ence in the response of the STR/N mice from those of the controls with 
the possible exception of adrenalectomy. The condition manifests itself 
in the STR/N mice by an apparently overwhelming desire to drink. In 
view of these observations, we can only speculate as to the ultimate 
cause of the abnormality. 


SUMMARY 


A genetic abnormality manifested by an extreme polydipsia and poly- 
uria that seemed to serve no useful physiologic purpose has appeared in 
STR/N mice. In males, the polyuria led to hydronephrosis apparently 
because a plug in the urethra impeded the passage of the large volumes 
of urine. These plugs were present also in males of other strains where 
they produced no disturbance since urine volumes were normal. STR/N 
females had polyuria but, in the absence of the plugs, did not develop 
hydronephrosis. 

The urine excreted by mice with polydipsia had a very low specific 
gravity. Although the osmolarity, conductivity, and sodium concentra- 
tion of the urine was much lower than that of control mice, there were no 
differences in the plasmas. The kidneys responded to pitressin with a 
reduction in urine volume and an increase in its concentration; a similar 
response was obtained by water deprivation. There were no histolog- 
ically demonstrable abnormalities in the hypothalamus or pituitary 
glands. Adrenalectomy, like the injection of reserpine or chlorpromazine, 
reduced somewhat but did not abolish the polydipsia. 

The consumption of water ad libitum was decreased when the STR/N 
male mice were fed a diet high in fat, and with this there was a reduction 
in mortality. Water restriction for periods as long as 15 months elim- 
inated the polyuria and the hydronephrosis, but had no effect on thirst, 
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as evidenced by the compulsive drinking when these mice were given 
water ad libitum. 
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LEGENDS FOR FIGURES 


Fic.1. Male STR/N mouse, showing bladder (reflected downward), ureters and 
kidneys greatly distended with urine. As is invariably the case, the right kidney 
is more enlarged than the left. The adrenal glands are also enlarged. 


Fic. 2. White plug lying in the urethral lumen and extending proximally into the 
bladder. 
Fic. 3. Horizontal section of the supraoptic nucleus in a male STR/N mouse. Dark- 


staining neurosecretory substance is seen in axons and cell bodies. Chromalum- 
hematoxylin stain. Approximately x 500. 
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THE CYTOCHEMISTRY OF ANOXIC AND ANOXIC-ISCHEMIC 
ENCEPHALOPATHY IN RATS 


I. ALTERATIONS IN NEURONAL LysosoMeEs IDENTIFIED BY 
Acw PHospHATASE ACTIVITY 


Norwin H. Becker, M.D., anp Kevin D. Barron, M.D.* 


From the Lucy and Henry Moses Research Laboratory of the Laboratory Division, 
Montefiore Hospital, New York, N.Y. 


There has been renewed interest in the acid hydrolases in view of 
the lysosome concept formulated in 1955 by de Duve.’ This concept 
suggests that many hydrolytic enzymes, all with pH optimum in the 
acid range, are enclosed within a cytoplasmic organelle—the lysosome— 
delimited by a single lipoprotein membrane. This membrane restricts 
the freedom and substrate accessibility of its enclosed enzymes. In vivo 
changes in relation to enzyme and substrate have been suggested for 
phagocytosis, pinocytosis and various lytic processes. 

Originally defined in biochemical terms, the role of lysosomes in 
necrobiosis has been described in morphologic terms by Novikoff.** 
Lysosomes were identified in tissue sections by virtue of their acid phos- 
phatase activity. Abnormal variations in both the number and size of 
the lysosomes were noted in renal infarcts, hydronephrosis, and in liver, 
following common bile duct ligation. The term “cytolysome” was coined 
to describe abnormally large lysosomes found in the necrobiotic cells. 

While the applications of the lysosome concept to neurobiology are 
relatively unexplored, the enzymatic activity used in their identification 
(acid phosphatase) has been the subject of numerous earlier reports." 
In these studies, the Gomori lead procedure for acid phosphatase * was 
applied to acetone- or formalin-fixed, or frozen-dried tissue embedded in 
paraffin. In general, neuronal activity was characterized by nuclear or 
nucleolar staining associated with variable and usually diffuse staining 
of the cytoplasm. In most instances, the staining data provided by these 
earlier methods of fixation and embedding have been difficult to trans- 
late into enzyme localization due to the prevalence of adsorption arti- 
facts.’® In addition, the morphologic preservation of many intracellular 
organelles (e.g., lysosomes) was inadequate. 

Recently, one of us ** has described cytologic and histologic localiza- 
tion of several enzyme activities that survive cold formol-calcium fixa- 
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tion in rat brain. The advantage of this fixative is that it preserves 
morphologic detail while permitting visualization of such enzyme ac- 
tivities as DPNH- and TPNH-tetrazolium reductases in mitochondria 
and basophilic substance, adenosine triphosphatase in cell membranes 
and acid phosphatase in lysosomes. 

The purpose of this investigation is to describe alterations in neuronal 
lysosomes of the rat brain during postmortem autolysis and in anoxic 
and anoxic-ischemic encephalopathy. The classic neurohistologic tech- 
niques have been of limited value in detecting the early phases of neu- 
ronal degeneration. Any pathologic alteration in lysosomes might be a 
useful index of early neuronal necrobiosis. 

Most anoxic lesions in rats‘*** have been difficult to produce, are 
small in size, and therefore not well suited for exploratory cytochemical 
studies. Recently, Levine ** has described a method capable of producing 
anoxic lesions in the rat brain by combining anoxic anoxia (a single 
exposure to nitrous oxide or nitrogen) and ischemia (unilateral common 
carotid artery ligation). This method results in extensive lesions of both 
the white and gray matter of forebrain structures in over 80 per cent of 
the animals. Thus, an experimental cerebral lesion suited for cyto- 
chemical investigation is now available. 


METHODS 


Both male and female Sprague-Dawley rats, weighing 150 to 250 gm., were used 
in all the experiments. They were killed by crushing the cervico-thoracic spinal cord; 
the cranial vault was rapidly reflected and the intact brain removed. The brain was 
then divided into 2 or 3 mm. thick coronal sections and placed in ice cold formol- 
calcium.” 


Postmortem Autolysis 


Brains were first sectioned in half longitudinally. One half, cut into coronal sec- 
tions, was placed directly in the fixative. Before fixation the remaining half was 
placed in a sterile Petri dish and incubated at 37°C. for periods ranging from 5 
minutes to 24 hours. 


Anoxic-Ischemic Encephalopathy 


Animals were subjected to the procedure of Levine“ by means of nitrogen as the 
anoxic agent. Anoxic exposure was initiated 40 to 60 minutes after ligation of the 
left common carotid artery under ether anesthesia. The animals were maintained in a 
relatively stable unconscious state for periods of 30 to 60 minutes. During this period 
depressed respiratory rates of 25 to 50 per minute were observed. Following this 
anoxic episode, animals were allowed to survive for periods ranging from immediate 
sacrifice to 8 days. 


Anoxic Encephalopathy 


Three different schedules of anoxic exposure were used. 

One group was exposed to a continuously flowing atmosphere of 100 per cent 
nitrogen for 60 to go seconds. Exposure ended when apnea supervened. These animals 
were killed at 30 minutes, 6 and 24 hours after exposure. 
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In the second group 3 such acute exposures were given 1 hour apart. The animals 
were sacrificed 4, 6 and 24 hours after the last exposure. 

The third group was placed in a continuously flowing atmosphere consisting of 
8 per cent oxygen and 92 per cent nitrogen containing traces of carbon dioxide. 
Increased bursts of nitrogen were given at hourly intervals so that oxygen levels were 
lowered sufficiently to produce severe agitation and respiratory distress. The rats were 
exposed to this environment in 4 hour daily periods and sacrificed after the second, 
third and fourth exposure days. 


Control Groups 


Normal rat brains were processed during these experiments as controls. In another 
control group, rats given 15 minutes of deep ether anesthesia or whose common 
carotid artery was ligated without further anoxia were killed 4 to 6 hours after the 
respective procedures. 

Histologic Technique 

The blocks were allowed to fix for 18 to 20 hours in cold formol-calcium (2 to 
4° C.). Frozen sections, 10 to 20 mw thick, were prepared on a Spencer sliding freez- 
ing microtome. 


The sections were rinsed in distilled water and stained for acid phosphatase activity 
by the method of Gomori.” Sections were incubated for 30 minutes at 37° C. in an 
appropriate volume of the following mixture: 500 ml. of 0.05 M acetate buffer, pH 5; 
600 mg. of lead nitrate; and so ml. of 3 per cent sodium glycerophosphate (25 per 
cent alpha, 75 per cent beta). They were then rinsed in distilled water, placed in 
dilute ammonium sulfide for 1 to 2 minutes, washed well in distilled water and 
mounted in glycerogel. In all cases substrate control sections were incubated in the 
absence of substrate (glycerophosphate). 

Unfrozen blocks of tissue, adjacent to those taken for frozen sections, were em- 
bedded in paraffin. Sections 6 to 8 w thick were stained with hematoxylin and eosin 
or thionine (“paraffin Nissl”). 

RESULTS 
Normal and Control Animals 


In addition to 25 normal brain halves derived from the autolysis ex- 
periments, the brains of 15 normal animals also were available for 
examination. 

As previously noted,’* neuronal acid phosphatase activity was local- 
ized in the lysosomes. These discrete organelles, 0.3 to 0.7 » in diameter, 
were blackened by accumulated lead sulfide and stood out prominently 
against an unstained cytoplasmic background (Figs. 1 to 3). With some 
experience, a normal base line was established, against which pathologic 
alterations in the lysosomes were compared. Thus, in normal rats, the 
Purkinje cells (Fig. 1) and the larger cerebral cortical neurons (Fig. 2) 
contained larger lysosomes, with greater intracellular variation in their 
size and number, than the smaller neurons of the cerebral cortex (Fig. 3) 
or the pyramidal band of the hippocampus. The staining was repro- 
ducible and distinct. Nuclear and nucleolar staining was usually minimal 
and inconstant. All substrate control sections were negative. 

No histochemical or histologic abnormalities were present in the brains 
of 3 animals given ether anesthesia only, or in 3 brains obtained after 
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unilateral common carotid artery ligation without further anoxic treat- 
ment. 


Autolysis 


In sections stained with the Niss] method and hematoxylin and eosin, 
no abnormalities were noted earlier than 40 minutes (8 animals). From 
40 minutes to 12 hours (16 animals) autolysis became increasingly 
severe. These changes were particularly evident in the cerebellum, cere- 
bral cortex and corpus striatum. At 24 hours (1 animal), almost com- 
plete homogeneation of all cell structures was seen. 

In sections stained for acid phosphatase activity, no abnormalities 
were noted earlier than 10 minutes. From 10 minutes to 1 hour, progres- 
sive swelling of the lysosomes (“cytolysome” formation) was noted. This 
was associated with frequent clumping and gradual reduction in the total 
number of lysosomes (Fig. 4). The cytolysomes appeared earliest in the 
Purkinje cells and layers 5 and 6 of the neocortex. After 1 hour, pro- 
gressive loss of both lysosomes and cytolysomes occurred so that at 8 
hours (Fig. 5) few cytoplasmic sites of activity remained. Nuclear stain- 
ing became prominent. The large neurons of the corpus striatum and 
layers 5 and 6 of the neocortex were relatively resistant to the loss of 
enzyme activity when compared with the Purkinje cells and the neurons 
of the hippocampus, thalamus and layers 1 to 3 of the neocortex. From 8 
hours onward, considerable deposition of nonspecific lead sulfide ap- 
peared in the substrate control sections. 


Anoxic-Ischemic Encephalopathy 


Of the 53 rats subjected to the anoxic-ischemic procedure, 17 died 
during or after the period of anoxia. A clinically evident hemiparesis was 
present in 20 of the surviving 36 animals examined. : 

The neuronal lesions were similar in extent and distribution to those 
described by Levine.'® Lesions were noted in 9 of 12 animals allowed to 
survive 24 hours and in 6 of 18 animals in the 1 to 12 hour survival 
group. No histologic lesions were present in the 6 animals killed imme- 
diately after the anoxic period. Of interest was the observation of focal 
neuronal damage in the caudate nucleus of an animal surviving 3 hours 
and in the hippocampus and neocortex of 2 animals surviving 4 to 6 
hours. 

Cytochemical studies revealed striking alterations in lysosomes. In 
many cases the histologic and cytochemically treated sections were in 
such proximity that tissue from the same injured zone could be compared 
(Figs. 10 and 11). Particularly impressive was the presence of neuronal 
cytolysomes in 2 of the 6 rats killed immediately after the anoxic period. 
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In 1 of these rats, clusters of neurons with prominent cytolysomes were 
present in layers 4 and 5 of the neocortex (Fig. 6), the pyriform cortex 
(Fig. 7), and the pyramidal band of neurons in the hippocampus. Occa- 
sional cytolysomes were present in the Purkinje cells. In the second 
animal, zones with less extensive alteration of neurons were observed 
in the pyriform cortex and hippocampus. Occurring with greatest fre- 
quency on the side of the carotid ligation, occasional foci of similarly 
altered neurons were present in the contralateral pyriform cortex and 
hippocampus. Similar alterations in lysosomes were observed in 15 of 
the 18 animals surviving 1 to 12 hours. Again, clusters of neurons in the 
pyriform cortex, hippocampus (Figs. 8 and 9) and neocortex were most 
frequently affected. A few cytolysomes were present in the Purkinje cells 
and neurons of the corpus striatum and thalamus. Bilateral lesions were 
present in 5 animals. 

Where cytolysome formation was striking, the overall number of lyso- 
somes in that cell appeared reduced. Many of the affected neurons 
appeared swollen. The largest cytolysomes were seen in the pyriform 
cortex and hippocampus where they were frequently as large as 3 to 4 » 
in diameter. Present in all portions of the neuron, the cytolysomes ap- 
peared with greatest frequency at the base of the apical processes. 

Histochemical changes were present in 9 of the 12 rats allowed to 
survive over 24 hours. These lesions were localized to zones of advanced 
degeneration and neuronal loss (Fig. 10). In 5 rats the lesions were 
bilateral. 

In contrast to the early lesions which displayed prominent cytolysome 
formation with minimal loss of remaining lysosomes, the neurons in the 
older infarcts revealed a more pleomorphic cytochemical pattern (Fig. 
11). In many neurons, large cytolysomes could still be seen. However, a 
large proportion of the neurons were now devoid of both cytolysomes 
and lysosomes. In many of the shrunken neurons, the nuclei and nucleoli 
were deeply stained. In some infarcts only a few cytolysomes remained; 
the predominant picture was that of loss of acid phosphatase activity. 
Purkinje cell cytolysomes were present in only 2 animals in this late 
survival group. 

In almost half of the advanced infarcts, control sections incubated in 
the absence of substrate possessed fine granules of lead sulfide. These 
positive substrate controls were found only in the group surviving 24 
hours or longer. 


Anoxic Encephalopathy 


In the first group, 13 of 16 animals survived the acute exposure to 
100 per cent nitrogen. In only one rat of 4 surviving 30 minutes were 
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focal collections of neurons with cytolysomes seen. These were found in 
layers 3 and 4 of the neocortex and in the Purkinje layer. Of the 6 ani- 
mals surviving 6 hours, cytolysomes were present in Purkinje cells of 
2 rats and in the Purkinje cells and neocortical neurons of a third. Promi- 
nent cytolysomes were present in the Purkinje cells, hippocampus and 
neocortex of all 3 rats surviving 24 hours. This was associated with early 
acute cell changes in Purkinje cells (Nissl stains) of 2 of these animals. 

In the second group, 7 of 13 animals survived the repeated exposures 
to nitrogen. In 2 of 4 rats sacrificed between 4 and 6 hours, cytolysomes 
were identified in both the pyriform and neocortex (Fig. 12) and in the 
Purkinje cells. Cytolysomes were present in the neocortex and Purkinje 
cells of all 3 animals surviving 24 hours. Paraffin sections of this tissue 
were normal. 

In the third group, 3 of 5 animals survived the schedule of prolonged 
critical hypoxia. In all 3 survivors prominent cytolysomes were present 
in the neurons of the pyriform cortex, neocortex and hippocampus. In 2 
rats, cytolysomes were present in Purkinje cells (Fig. 13). Again, paraf- 
fin sections appeared normal. 


DISCUSSION 


No attempt has been made to describe in detail the anatomic localiza- 
tions of the various lesions. Rather, it has been our purpose to correlate 
the natural history of the lysosome with the known processes of neuronal 
autolysis and necrobiosis. Significant and easily detectable morphologic 
alterations in neuronal lysosomes were seen in both autolysis and necro- 
biosis. In both events, the changes were similar and consisted of early 
swelling of the lysosomes (“cytolysome” formation) followed by gradual 
loss of remaining lysosomes and, ultimately, by loss of all sites of aci 
phosphatase activity. 

It was difficult to determine whether cytolysome formation was a 
potentially reversible lesion. The association of numerous cytolysomes 
in early lesions with less impressive late neuronal loss (Nissl stains) 
would support such a view. Nevertheless, many cytolysomes could still 
be seen in zones of obviously irreversible damage. Considerable loss of 
enzyme activity was seen only in the late phases of neuronal degen- 
eration. 

The similarity of the anoxic and autolytic cytochemical patterns ne- 
cessitated the use of fresh tissue if early necrobiotic changes were to be 
evaluated. Nevertheless, the lysosome remained a most sensitive index 
of neuronal damage. In addition, there was no correlation between the 
cytochemical alterations and the frequent occurrence of “‘dark cell” neu- 
rons in the Nissl stains which represented, for the most part, fixation 
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artifacts. The cytochemical changes occurred earlier and with greater 
frequency than any lesions encountered in conventional stains. 

It is reasonable to assume that the cytochemically visualized sites of 
acid phosphatase activity probably correspond to the particulate, bound 
(latent) cell fractions of the biochemist. The free (solubilized, unsedi- 
mentable) fraction of enzyme would not be detected in the tissue 
sections because of diffusion from the cells. The overall pathologic fate 
of the neuronal lysosome correlates well with biochemical studies of 
ischemic necrosis and autolysis in liver. Marked increases in free acid 
phosphatase activity (with corresponding reduction in bound activity) 
occurs within 60 minutes of autolysis ?° and within 6 hours after the 
onset of ischemic necrosis.” 

The function of the lysosome in the metabolic economy of the cell 
remains speculative. The morphologic observations of Novikoff** sug- 
gest a close relationship of the lysosome to, and perhaps an identity 
with, pinocytosis vacuoles. Biochemical studies of lysosome fractions 
have revealed, in addition to acid phosphatase, acid ribonuclease, acid 
deoxyribonuclease (DNase II), phosphoprotein phosphatase, cathepsin, 
beta glucuronidase, arylsulfatases A and B and beta-N-acetyl-glu- 
cosamidase.”? Lysosomal enzymes are capable of destroying most of the 
important cell constituents. Indeed, the ribonuclease activity in these 
organelles suggests a causal relationship between the lysis of neuronal 
lysosomes and subsequent chrormatolysis. It is likely that all necrobiotic 
phenomena are ultimately mediated through these organelles. The condi- 
tions under which the integrity of the lysosomal membrane is disrupted 
in vivo and its lytic enzymes activated are not entirely clear. Therefore, 
morphologic and biochemical changes in lysosomes may prove useful in 
detecting the early effects of toxic, chemotherapeutic and radiobiologic 
agents. It is evident that the lysosome now looms as an organelle of un- 
questioned physiologic significance, whose application to pathology de- 
serves further exploration. 


SUMMARY 


Alterations in neuronal lysosomes during postmortem autolysis and 
anoxic and anoxic-ischemic encephalopathy have been described. The 
lysosomes were identified in formol-calcium fixed tissue by virtue of 
their acid phosphatase activity. 

Enlargement and clumping of the lysosomes (“cytolysome” forma- 
tion) were noted during the early phases of both autolysis and necro- 
biosis. Loss of lysosomes became prominent during the later phases. 

In all cases the earliest cytochemical changes preceded those which 
could be detected by Nissl and hematoxylin and eosin stains. 
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LEGENDS FOR FIGURES 


Except where indicated, all photographs were made from sections prepared to 
demonstrate acid phosphatase activity. 


Figures 1 to 3 show the distribution of lysosomes in the normal rat brain. The 
lysosomes are stained black because of the deposition of lead sulfide. Note the greater 
variations in the size and number of neuronal lysosomes in Figures 1 and 2 when 
compared with those in Figure 3. 


Fic. 1. Purkinje cells in the cerebellum. X 350. 
Fic. 2. Large neurons in layer 5 of the neocortex. X 450. 
Fic. 3. Neurons in layers 2 and 3 of the neocortex. X 450. 


Fic. 4. Purkinje cells. Autolysis, 20 minutes. There is prominent enlargement and 
clumping of some lysosomes (arrows) with loss of the remaining normal lyso- 
somes. X 450. 


Fic. 5. Purkinje cells. Autolysis, 8 hours. There is almost complete loss of cyto- 
plasmic activity and an increase in nuclear staining. X 250. 
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Figures 6 to 11 represent anoxic-ischemic lesions. 


Fic. 6. Neurons in layer 4 of the neocortex of a rat killed immediately after an 
anoxic episode. There is swelling of the neurons with early cytolysome forma- 
tion. X 700. 


. 7. Neurons in the pyriform cortex of the same animal shown in Figure g. There 
is prominent cytolysome formation. The cytolysomes tend to be localized to the 
base of the apical processes. X 600. 


.8. Neurons in the dorsal portion of the pyramidal cell layer of the hippocampus. 
Four hour survival. Many neurons are extremely shrunken or faded (arrows). 
Hematoxylin and eosin stain. X 300. 


Fic.9. Same region and animal shown in Figure 7. Prominent cytolysomes are pres- 


ent in two neurons (arrows). The remaining neurons are normal. X 500. 
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.10. Neocortex; 24-hour survival. There is shrinkage and loss of neurons with 
spongy degeneration of the neuropil. Thionine stain. X 100. 


.11. The same animal and infarct shown in Figure 10. Neurons with prominent 
cytolysomes (C) alternate with neurons which have lost most of their acid 
phosphatase activity (L). Substrate control sections of this tissue were negative. 
Note the increased nuclear and nucleolar staining. X 700. 


.12. Neurons in the pyriform cortex. Animal sacrificed 4 hours after 3 episodes 
of acute anoxia. Most neurons contain cytolysomes (C) while a few have lost 
most of their enzyme activity (L). X 450. 


.13. Purkinje cells. Animal killed after 3 days of chronic hypoxia. Many large 
cytolysomes are present. X 700. 
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HEALED EXPERIMENTAL GASTRIC ULCER IN THE RAT; 
RE-ULCERATION RESULTING FROM CORTISONE 
ADMINISTRATION 


Davip S. Kann, M.D.; Metvitte J. Puiuires, M.D., anp Stantey C. Skoryna, M.D. 


From the Gastro-Intestinal Research Laboratory, Departments of Experimental 
Surgery and Pathology, McGill University, and Department of Pathology, 
St. Mary’s Memorial Hospital, Montreal, Canada 


There is no unanimity of opinion as to whether a peptic ulcer develop- 
ing in a patient receiving cortisone therapy results from the therapy 
itself,’ is coincidental,’ or represents an adverse effect of the therapy on 
a pre-existing ulcer or ulcer diathesis.* Even the effect of cortisone ad- 
ministration on gastric secretory function in man is controversial. Gray, 
Ramsay, Reifenstein and Benson * have reported an increased secretory 
volume and acidity, while Beck, Fletcher, McKenna and Griff® found 
no significant changes in these values. The high incidence of penetration, 
hemorrhage, and perforation of peptic ulcers in patients receiving corti- 
sone seems well substantiated.® 

We have made certain observations in the rat which appear to be per- 

tinent to this problem. Firstly,’ it was found that thermal ulcers pro- 
duced in a standard manner in the gastric fundus of the rat healed in a 
predictable fashion. They were all covered by regenerated mucosa within 
28 days and were all completely healed by 50 days. Some of the rats 
were followed for periods up to 100 days, and it was found that the 
ulcers remained healed except for the development of small nonpenetrat- 
ing mucosal erosions in the centers of the healed ulcers in some of the 
cases. Secondly,* when cortisone acetate was administered to rats im- 
mediately after the induction of gastric ulcer of this type, there were 
deep penetration and enlargement of the ulceration. Thirdly,® in a large 
series of rats receiving cortisone acetate for 10 months during the course 
of another experiment, we found no gastric erosions or ulcerations. These 
facts seem to indicate that cortisone has a deleterious effect on an area 
of active ulceration in the rat’s stomach, but no effect on the intact stom- 
ach, even after prolonged administration. It seemed logical, therefore, 
to examine the effects of cortisone administration on rats with healed 
gastric ulcer. 


MATERIAL AND METHODS 


Male rats of the Royal Victoria Hospital strain, weighing 180 to 200 gm. at the 
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time of operation, were used. They were fed Purina diet and water ad libitum. Ulcers 
were produced in the glandular portion of the stomach by a method previously de- 
scribed.” The rats were divided into the following groups: 

Group I. In 69 rats an experimental gastric ulcer was produced. Fifty-five days 
later daily intramuscular injections of cortisone acetate (generously donated by 
Merck, Sharp & Dohme, Ltd., Canada), 0.05 mg. per gm. of body weight, were begun. 

Group II. In 80 rats an experimental gastric ulcer was produced. Fifty-five days 
later daily intramuscular injections of cortisone acetate, 0.075 mg. per gm., were 
begun. 

Group III. In 19 rats an experimental gastric ulcer was produced. Fifty-five days 
later a bilateral subdiaphragmatic vagotomy was performed and daily intramuscular 
injections of cortisone acetate, 0.05 mg. per gm., were begun. 

Group IV. In 50 rats an experimental gastric ulcer was produced. No cortisone was 
administered. 

Group V. Fifty normal rats were kept with the other experimental groups for 55 
days. On day 55, daily injections of cortisone acetate, 0.075 mg. per gm., were begun. 

Animals were sacrificed on the 58th, 62nd, 66th, 7oth and 76th days after the in- 
duction of the ulcer. In addition, animals from Groups I, III and IV were killed at 
intervals from day 76 to day 100. The stomachs were fixed in formalin, and sections 
stained with hematoxylin and eosin. 


RESULTS 


Table I summarizes the number of healed ulcers, erosions and re- 
ulcerations in the entire series. Table II indicates the mortality rate and 
the weight of the animals 76 days after induction of the ulcer. 


TABLE I 
NUMBER OF HEALED ULCERS, EROSIONS AND RE-ULCERATIONS 


No. No. with No. with No. with 
sacrificed healed erosions of re-ulceration 
No. in and ulcers a healed of a healed 
Group series examined only ulcer ulcer 
I 
Healed ulcer, 
cortisone (lower dose) 69 49 37 (76%)* 5 (10%) 7 (14.3%) 
II 
Healed ulcer, 
cortisone (higher dose) 80 61 28 (46%) 8 (13%) 25 (41%) 
Ill 
Healed ulcer, 
vagotomy, 
cortisone (lower dose) 19 14 10 (71%) 1 (7%) 3 (21.4%) 
IV 
Healed ulcer, 
no treatment 50 50 35 (70%) 15 (30%) © (0%) 
V 
No ulcer, 
cortisone (higher dose) 50 37 ° ° ° 


* The percentages listed are based only on the numbers in the various groups that were 
actually sacrificed. 
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II 
WEIGHT OF ANIMALS 76 DAYS AFTER ULCER INDUCTION, AND MORTALITY RATE 
No. that died Wt. of animals 
No. in during Mortality at day 76 
Group series experiment rate (gm.) 

I 
Healed ulcer, 

cortisone (lower dose) 69 20 29% 160-190 
II 
Healed ulcer, 

cortisone (higher dose) 80 19 23.8% * 150-170 
Ill 
Healed ulcer, 

vagotomy, 

cortisone (lower dose) 19 5 26.3% 120-160 
IV 
Healed ulcer, 

no treatment 50 ° ° 240-260 

No ulcer, 

cortisone (higher dose) 50 13 26% * 150-180 


* All of the animals in these two groups died or were sacrificed by day 76; some animals 
in the other groups survived to day 100. 


The control rats (group IV) with healed ulcers had no mortality and 
gained weight steadily during the course of the experiment. The animals 
in the other groups gained weight normally until cortisone administra- 
tion was begun. Those receiving 0.05 mg. per gm. of body weight of 
cortisone daily (groups I and III) lost weight for 4 or 5 days, but the 
weight then became stationary. The rats receiving 0.075 mg. of cortisone 
daily (groups II and V) lost weight during the entire period of cortisone 
administration. They became weak after 7 days, and those which ap- 
peared unlikely to survive were sacrificed; none of the rats in these 
groups survived beyond the 76th day. 

The rats with experimental ulcer which were given cortisone (groups 
I, II and III) showed a high incidence of penetrating re-ulceration in 
the healed ulcer area. This was most pronounced in the group receiving 
the higher dose of cortisone (group IT), in which 41 per cent of the rats 
that were killed had this type of re-ulceration, and of the animals found 
dead, 2 had perforated gastric ulcers and peritonitis. In the rats on the 
lower dose of cortisone (groups I and III), 14.3 per cent and 20 per cent, 
respectively, of the rats killed had penetrating re-ulceration. The ani- 
mals in group III (healed ulcer, vagotomy and cortisone) had markedly 
dilated, thin-walled stomachs, indicating that an adequate vagotomy had 
been performed. Though the numbers were small, the incidence of re- 
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ulceration was similar to that in the group without vagotomy. No ero- 
sions or gastric ulcers were found in the rats which received cortisone 
but had not had an experimental ulcer induced (group V). No penetrat- 
ing ulcers were found in the animals with experimental ulcer allowed 
to heal without the administration of cortisone (group IV) though 30 
per cent of these rats did show superficial mucosal erosions. 

The superficial erosions were located in the central portion of the 
healed ulcer and measured 1 mm. or less in diameter. The first erosion 
was found at day 60 in both cortisone-treated and untreated groups, and 
they occurred sporadically from this time onward. The penetrating re- 
ulcerations also occurred in the central part of healed ulcers. They 
measured, in most instances, at least 6 mm. in diameter. They appeared 
as deep, punched-out ulcers with some undermining of the edges; their 
floors were covered by necrotic material. In group I (lower cortisone 
dosage) 2 re-ulcerations were found on day 76 (21 days of cortisone) 
and the remainder after day 85. In group III (cortisone and vagotomy) 
the first re-ulceration was found on day 66 (11 days post-vagotomy and 
11 days of cortisone); one appeared on day 76 and another on day 80. 
In group II (higher cortisone dosage) the first instance of penetrating 
re-ulceration was found on day 62 (7 days of cortisone), and the re- 
mainder occurred between days 66 and 76. 

Microscopically, the healed ulcers in all groups had a similar appear- 
ance (Fig. 1). At the ulcer site the stomach wall was composed of dense 
fibrous connective tissue which replaced the normal structure of the 
wall. The area was covered superficially by regenerated mucosa which 
showed differentiation into gastric pits and glands. This lay directly on 
the fibrous tissue without the interposition of a muscularis mucosae. At 
60 days and subsequently there was further shrinkage of the ulcer site 
due to contraction of the dense scar tissue. The healed ulcers with 
mucosal erosions (Fig. 2) were identical in appearance, but the super- 
imposed erosions were small and superficial. At their deepest, the ero- 
sions involved only the full thickness of the regenerated mucosa. There 
was a mild acute inflammatory response bordering the erosion. In con- 
trast, the penetrating re-ulcerations (Figs. 3 and 4) were large and deep. 
The base was formed by the dense connective tissue scar of the healed 
ulcer, but the floor w2s covered by a necrotic layer, beneath which was 
moderate hyperemia and a scattering of acute inflammatory cells. In 
some instances bacteria or fungi were present within the necrotic debris. 
Throughout the sclerotic wall of the ulcer plump fibroblasts were pres- 
ent, but beyond this there was no evidence of a repair process. At the 
ulcer margins (Fig. 5) necrosis frequently undermined the viable mucosa 
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which was of the same structure and degree of differentiation as the re- 
generated epithelium in animals with healed ulcers without re-ulceration. 


DISCUSSION 


The most striking observation in this investigation was the appear- 
ance, in rats receiving cortisone, of penetrating re-ulceration in healed 
gastric ulcers. Rats without ulcers were given cortisone in similar dosage 
but did not develop ulcers, and those with healed ulcers who did not 
receive cortisone did not develop this type of lesion.’ These findings 
suggest that cortisone was responsible for penetrating re-ulceration in 
healed ulcers. In a previous experiment’ all the ulcers were completely 
healed by the 55th day after induction (the time when cortisone ad- 
ministration was begun). Thus, any penetrating ulcer found could not 
be due to a failure of the original experimental ulcer to heal and must 
have represented a new lesion. The lack of evidence of repair in the re- 
ulcerations suggested that the lesions were all of very recent origin. 
Alternatively, this would indicate a depression of the repair process by 
cortisone, as suggested by other observers.’""* The fact that re-eptheli- 
zation was minimal favored a recent genesis, since epithelial proliferation 
has been reported to be unaffected by cortisone administration.’* The 
observation of 33 extensive and deep areas of ulceration and only two 
small re-ulcerations also suggested that penetration took place rapidly 
once the process was initiated. 

The results clearly indicate a relationship between dosage, time and 
incidence of re-ulceration. There was a 41 per cent incidence of re- 
ulceration in rats receiving the highest dose of cortisone, the earliest 
lesion appearing after 8 days of cortisone therapy. In the lower dose 
range there was only a 14.3 per cent incidence, and the first ulcer was 
found after 21 days of therapy. The mechanism by which cortisone ad- 
ministration results in re-ulceration is not entirely clear. We previously 
reported® that cortisone given to rats with experimental ulceration 
caused marked penetration, a feature which could be demonstrated 
within 24 hours. The evidence suggested that cortisone provoked pene- 
tration as the result of factors other than alterations in gastric secretion 
or depression of fibroplasia. The observations in the present experiment 
also suggested that the action of cortisone was not due to a modification 
of fibroplasia. The acute nature of the lesion and the lack of epithelial 
proliferation indicated rapid penetration. This would in turn lead to the 
hypothesis that penetration occurred before fibrous tissue proliferation 
could be expected to lend significant support or be of importance in 
limiting the extension of the lesion. It seemed unlikely that gastric 
hypersecretion was important. Cortisone, as administered in these ex- 
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periments, caused neither increased volume of gastric secretion nor 
increased acidity.’* Indeed, the administration of histamine or pitressin 
for 30 days *° at a dosage level which caused an increased gastric secre- 
tion and acidity in this strain of rat failed to produce re-ulceration of 
healed gastric ulcers. Moreover, in a group too small to draw firm con- 
clusions, adequate vagotomy (which Jones and Harkins?® found to 
reduce gastric secretion and acidity in the rat) did not prevent the oc- 
currence of re-ulceration. From the foregoing evidence it would appear 
that the phenomenon of re-ulceration and penetration was not due to the 
action of cortisone on either gastric acidity or fibroplasia. 

Cortisone could have been responsible for both the mucosal disruption 
and the subsequent penetration. On the other hand, the mucosal disrup- 
tion could have been due to some other cause, the cortisone contributing 
only to the penetration. The second possibility seems to be the more 
likely. Kowalewski*’ reported that fasting rats receiving cortisone de- 
veloped superficial gastric erosions after the fourth day; however, the 
rats in the present study were not fasted, and in an experiment ® in which 
rats received cortisone for 10 months, no instance of gastric erosion or 
ulceration was encountered. In the present experiments and in others‘ 
mucosal erosions occurred spontaneously in healed experimental gastric 
ulcers. In the absence of cortisone administration, penetration did not 
occur, and the erosions seemed to heal readily. It is possible that with 
the administration of cortisone the spontaneous erosions failed to heal 
and progressed to penetration. There appears to be some evidence to sug- 
gest that the main action of cortisone in this experiment was to cause 
penetration of mucosal erosions in healed gastric ulcers. 

Although in man the ulcerogenic action of cortisone has recently been 
challenged,” there is no doubt that in rats cortisone administration can 
result in re-ulceration of healed gastric ulcers. These, with their rapidity 
of penetration, bear some resemblance to the re-activation of healed 
peptic ulcers in patients receiving cortisone. In these instances the 
rapidity of penetration probably accounts for the high incidence of such 
complications as hemorrhage and perforation. 


SUMMARY 


Experimental gastric ulcers were produced in a group of rats by 
means of thermocautery. Fifty-five days after production of the ulcers, 
by which time they were completely healed, intramuscular injections of 
cortisone acetate were begun. One group received 0.05 mg. per gm. of 
body weight daily and a second group, 0.075 mg. daily. Both groups 
receiving cortisone showed a high incidence of penetrating re-ulceration 
in the healed ulcer area. This was more pronounced in the group re- 
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ceiving the higher dose (41 per cent) than in the group given the lower 
dose of cortisone (14.3 per cent). In contrast, a group of rats with a 
similar healed ulcer, but not receiving cortisone, had no re-ulceration. 
The mechanism by which cortisone results in penetrating re-ulceration 
of a healed gastric ulcer in the rat was not fully elucidated by this in- 
vestigation, but it appeared unlikely to be due to the action of cortisone 
on either gastric acidity or fibroplasia. The results of the experiment 
bore some resemblance to the re-activation of healed peptic ulcer in 
patients receiving cortisone. 
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LEGENDS FOR FIGURES 


Illustrations were prepared from sections stained with hematoxylin and eosin. 

Fic. 1. A healed gastric ulcer 55 days after its induction and before cortisone ad- 
ministration was begun. The edges of the intact muscle coat at the margin of the 
healed ulcer can be seen at M. The wall of the stomach between these two edges 
is composed of connective tissue which has filled in the original ulcer area. The 
mucosal surface of the healed ulcer consists of regenerated epithelium which lies 
directly on the fibrous tissue wall without the interposition of a muscularis 
mucosae. X 20. 


Fic. 2. A healed gastric ulcer 76 days after its induction (after 21 days of cortisone, 
0.075 mg. per gm. of body weight daily). A small superficial erosion can be seen 
in the central portion of the healed ulcer. X 60. 


Fic. 3. Penetrating re-ulceration of a healed gastric ulcer 76 days after induction of 
the ulcer (after 21 days of cortisone, 0.05 mg. per gm. of body weight daily). 
Normal stomach wall is seen peripherally at M. Penetration into the fibrous tis- 
sue wall of the healed ulcer and marginal undermining can be seen. X 20. 
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Fic. 4. Penetrating re-ulceration of a healed gastric ulcer 62 days after induction of 
the ulcer (after 7 days of cortisone, 0.075 mg. per gm. daily). The deep pene- 
tration and the mucosal undermining into the intact muscle (M) at the periphery 
are manifest. X 40. 


Fic. 5. High power view of the intact muscle (M) in Figure 4. The undermining into 
the intact muscle at the margin of the healed ulcer is shown. X 100. 
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STUDIES ON THE ADJUVANT ACTION OF BACTERIAL 
ENDOTOXINS ON ANTIBCDY FORMATION 


IV. Histo.ocic Stupy oF CorTISONE-TREATED RABBITS 


Peter A. Warp, M.D.; Murray R. Ansett, M.D., anp Artuur G. Jonnson, Pu.D. 


From the Department of Bacteriology and the Department of Pathology, 
The University of Michigan Medical Center, Ann Arbor, Mich. 

The ability of adrenal cortical hormones to suppress both the primary 
and the secondary antibody response to soluble and insoluble antigens 
is well documented.’ Associated with this inhibition is a differential sus- 
ceptibility of cells of lymphoid tissue to the destructive effects of corti- 
sone.” An accelerated destruction of mature lymphocytes occurs, which 
is brief and characterized by pyknosis, karyorrhexis, and cytoplasmic 
shedding. This is followed by a prolonged phase of diminished produc- 
tion of lymphocytes. The mature lymphocytes and plasma cells have 
been found to be quite susceptible to cortisone whereas the reticuloendo- 
thelial cells and immature lymphocytes (known as “reticular lympho- 
cytes,” according to the terminology of Sundberg and Downey*) 
undergo minimal alteration. 

In view of the emphasis placed on the role of plasma cells and lympho- 
cytes in antibody production, it is possible that cortisone might inhibit 
the immune response by causing destruction of these cell types. However, 
the actual synthesis of antibody is probably associated with undifferen- 
tiated immature blast cells, the ultimate end product of which may vary 
under different experimental conditions.* From a morphologic stand- 
point, these undifferentiated cells do not appear to be destroyed by 
cortisone, as evidenced in a histologic study by Craig ° of popliteal lymph 
nodes from cortisone-treated rabbits given an injection of Salmonella 
typhosa O antigen in the homolateral foot pad. With the schedule of 
cortisone treatment used, mature lymphocytes were destroyed, but anti- 
body titers were not appreciably affected. The response described by 
Craig, although delayed approximately 4 days by cortisone, consisted of 
marked follicular activity in lymph nodes with the formation of large 
secondary nodules (germinal centers). These areas had considerable 
mitotic activity as well as intense pyroninophilia. Similar changes were 
noted in the medullary cords. A reticular or transitional cell was the 
active cell type in both areas, and was linked to antibody production. 
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In a previous publication ® we have described the histologic changes 
in spleens of rabbits following a single injection of bovine gamma 
globulin (BGG) alone and in combination with an adjuvant (bacterial 
endotoxin). Antibody synthesis as well as its enhancement by endotoxin 
was correlated with increased mitotic activity and differentiation of 
primitive reticular cells in the splenic follicles. This cell, referred to as a 
modified reticular cell, appeared to be similar to that described by 
Craig,® and implicated earlier by Fagraeus,’ Harris and Harris,® and 
other investigators ®° in the synthesis of antibody. It was also estab- 
lished that the potent adjuvant action of endotoxins derived from gram- 
negative bacteria could stimulate the synthesis of antibody to human 
serum albumin in rabbits given inhibitory doses of cortisone."? The 
present investigation was carried out to ascertain the location and cell 
type of the lesions in spleens of cortisone-treated rabbits following anti- 
gen injection with and without stimulation by endotoxins. Antibody 
titers were found once again to correlate closely with the appearance 
and activity of pyroninophilic reticular cells in splenic follicles. 


MATERIAL AND METHODS 


White male New Zealand rabbits, 6 months old, weighing 2 to 3 kg., were used. 
Cortisone (Cortone Acetate,® Merck, Sharp and Dohme) was injected daily into 
the gluteal areas of the rabbits, alternating the right and left sides, in a constant 
dose of 10 mg. (0.1 ml.). After 5 days of cortisone therapy, approximately 5 mg. 
of potassium chloride were added daily to the drinking water of each animal. The 
antigen, bovine gamma globulin, fraction II, Armour and Company, was diluted to 
a concentration of ro mg. per ml. in phosphate-buffered saline, pH 7.2, and 1 ml. 
volume injected intravenously into the marginal vein of the ear. The endotoxin was 
derived from Escherichia coli strain 0:111 Bq by the procedure of Boivin and 
Mesrobeanu ” and furnished by Difco Company, Detroit, Michigan. It was diluted 
similarly to concentrations permitting the injection of a constant total volume of 
1 ml. of various products. 


Plan of Experiment 


Three groups of 21 rabbits each were used in the experiment. The products they 
received and the group designations were as follows: group E received 10 mg. of 
bovine gamma globulin with 5 wg. of endotoxin, plus cortisone treatment from 5 days 
before antigen administration through the 12 days following (—5 to +12 days); 
group F received 10 mg. of bovine gamma globulin, plus cortisone —5 to +12 days; 
group G received cortisone —5 to +12 days. 

Following intravenous injection of the appropriate products, animals were sacri- 
ficed in lots of 3 by cardiac exsanguination 1, 2, 4, 6, 8, 12, and 18 days following 
injection of antigen. Blocks of tissue from the spleen, thymus gland, liver, and 
periportal lymph nodes were removed and placed in Carnoy’s fixative and 10 per 
cent neutral formalin. Following the techniques used in the previous investigation," 
histologic sections were prepared utilizing hematoxylin and eosin stain and a modified 
Unna-Pappenheim stain. 

Titrations for antibody were done according to a hemagglutination technique,” 
with serums from all groups tested at the same time. 
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RESULTS 
Antibody Titrations 


Hemagglutinin titers of cortisone-treated animals receiving bovine 
gamma globulin (BGG) with and without endotoxin are given in Table I. 
Antibody in the group receiving BGG alone (group F) was usually 
present in only trace amounts. Six days after cortisone therapy had 
ceased (on the 18th day) there was no serologic evidence of a rebound 
phenomenon. In contrast, animals which received endotoxin with antigen 
(group E) had antibody levels considerably higher than the group not 
receiving endotoxin. Of interest is the fact that antibody titers in group 
E were also high on the 18th day, with 2 of 3 animals exhibiting titers of 
1:5,120. As will be discussed below, maximum serologic activity co- 
incided in general with maximum histologic changes. 


TABLE I 


COMPARATIVE ANTIBODY TITERS OF ENDOTOXIN AND NON-ENDOTOXIN TREATED RABBITS 
RECEIVING CORTISONE 


Days Reciprocal of hemagglutinating titer 
following BGG alone BGG + endotoxin 
injection (group F) (group E) 


—* 


20 
160 


20 
18 10 
not done 


* Minus sign indicates a titer less than 1:10. 
Histologic Alterations 


General. After 10 days of cortisone treatment, the lymph nodes and 
thymic glands from animals of all 3 groups were very small, and the 


Rabbit 
no. 
4 
5 I — 
6 
7 = = 
8 2 
9 — 
II 4 
12 
13 _ 1280 
14 6 5120 
15 20 1280 . 
16 640 5120 
17 8 40 640 ; 
18 640 
19 80 640 
20 12 a 640 
21 640 
22 5120 
23 5120 
24 640 
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parenchymatous content was markedly reduced. The differences in these 
tissues among the 3 groups were minimal. The gross sizes of spleens in 
all groups were found to be smaller than normal, with weights being 
variable. However, histologic alterations which could be correlated with 
an antibody response were confined to the splenic tissue in group E. 

Group G (cortisone from —5 to +12 days; no bovine gamma globulin 
or endotoxin). After 7 to 10 days of cortisone treatment, (i.e. compa- 
rable to the first 4 days following antigen stimulation in groups E and 
F) the red pulp and the follicles of the spleen were diffusely infiltrated 
with heterophils. The lymphocytic cells of the mantle layers of the fol- 
licles were greatly reduced in number. The follicles consisted essentially 
of areas of pale staining cells (hematoxylin and eosin stain), with cen- 
tral collections of reticuloendothelial elements that merged almost im- 
perceptibly with wide marginal zones of monocytic cells. Although the 
follicles were about 1% to %4 the size of those in normal uninjected rab- 
bits, it appeared that the central reticuloendothelial and the marginal 
monocytic cells were present in normal numbers. The striking change 
was the disappearance of the mature, medium-sized follicular lympho- 
cytes. Occasional small foci of hyalin were discernible in scattered 
follicles. 

By the sixth day (the twelfth day of cortisone treatment), the in- 
filtration of both red and white pulp by heterophils had virtually dis- 
appeared, and the red pulp appeared normal. The follicles were almost 
devoid of mature lymphocytes but again contained normal numbers of 
central reticuloendothelial and marginal monocytic cells; they remained 
small, with a diameter of 4 to % the normal size. The tissues examined 
on the eighth and twelfth days were similar in appearance. Mitotic 
figures (which usually appeared in numbers of 2 to 3 per high power field 
in about one-half the follicles of normal controls) were rarely seen. In 
one specimen (G 20) all follicular architecture was lost, being replaced 
by monocytic and spindle cells. On the 18th day, or 6 days after the 
cessation of cortisone treatment, the follicles were partially reconsti- 
tuted, but still less than normal size (Figs. 3 and 4).* Medium-sized, 
mature lymphocytes were present in about one-half the normal num- 
ber. A few mitotic figures were present in the central reticular areas but 
were never as frequent as in the normal controls. The red pulp appeared 
normal. 

Group F (cortisone, —5 to 4-12 days; bovine gamma globulin, 10 mg. 
on day 0). The changes during the first 8 days were similar to those in 


* The histologic changes in spleens of all animals of these experiments were carefully 
compared with those previously observed* Figures 1 and 2, demonstrating tissues in a 
normal control animal, and the reaction produced by the combined administration of 
endotoxin and bovine gamma globulin, are included for purposes of comparison. 
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group G. The follicular lymphocytes had disappeared almost completely, 
while the reticuloendothelial elements of the follicles were present in 
normal numbers. Scattered foci of hyalin were seen within follicles. On 
the twelfth day (last day of cortisone treatment) 2 specimens exhibited 
alterations similar to the 6 and 8 day samples. A third spleen (F 19) 
contained follicles with small, discrete germinal centers of modified retic- 
ular cells (large immature reticular cells with a rim of pyroninophilic 
cytoplasm). Mitotic figures were as frequent as 5 per high power field. 
However, these modified reticular cells were very loosely packed, unlike 
the tightly packed areas described previously.® All specimens on the 
twelfth day had an amount of white pulp which was less than one-half 
that of normal non-cortisone-treated controls. On the 18th day the white 
pulp remained reduced (Fig. 5); 2 to 3 mitotic figures were present in 
central follicular areas, but there were no significant aggregations of 
modified reticular cells (Fig. 9). However, greater numbers of mature 
lymphocytes were present in the follicles than noted previously. The 
morphologic findings in group F did not suggest any significant anti- 
body response. 

Group E (cortisone, —5 to +-12 days; bovine gamma globulin, 10 mg., 
and endotoxin, 5 »g. on day o). For the first 2 days following the injec- 
tion of antigen, the findings were similar to those previously described 
for groups F and G, consisting of a diffuse infiltration by heterophils 
and a marked numerical reduction of mature follicular lymphocytes. The 
reticuloendothelial and monocytic elements of the follicles were present 
in normal numbers. On the fourth day, the findings in 2 specimens were 
similar to those of the first 2 days (Figs. 6 and 11); one (E 10) revealed 
a complete loss of the normal follicular architecture. A third spleen 
(E 12) had small distinct central areas within the follicles with an in- 
crease in the number of modified reticular cells and 4 to 5 mitotic figures 
per high power field. However, no antibody was detectable in the serum. 
On the sixth day, antibody levels became prominent, and in the spleens 
of 2 rabbits small discrete aggregates of modified reticular cells with 
increased mitotic activity (5 to 10 mitotic figures per high power field) 
could be seen in the follicles. One rabbit (E 15) also possessed signifi- 
cant levels of antibody, but only changes similar to those in groups F 
and G were visible in the spleen at this time. The follicular lymphocytes 
remained reduced in number. On the eighth day, the spleen from rabbit 
E 18 had small centers of modified reticular cells and mitotic figures 
numbered 2 to 5 per high power field, while the spleen of rabbit E 17 
was similar to those described in groups F and G. A third specimen (E 
16; antibody titer, 1:5,120) revealed more pronounced alterations with 
10 mitotic figures per high power field. In this animal, the overall follic- 
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ular size was about normal, although the central reticular area ac- 
counted for more than one-half the total size. 

The splenic follicles of all 3 rabbit spleens on the twelfth day con- 
tained small, central aggregations of densely packed modified reticular 
cells. In one specimen mitotic activity was present (5 to ro figures per 
high power field) , but it had diminished in the other two. Antibody levels 
were relatively low, 1:640 in all rabbits. Small aggregates of pyronino- 
philic cells were seen occasionally in the red pulp. The white pulp re- 
mained depleted of lymphocytes. On the 18th day the splenic follicles in 
2 of 3 animals were maximally enlarged, being 3 to 5 times larger than 
any observed during the first 12 days (Figs. 7, 8 and 10). This coincided 
with an increase in serum antibody titers which reached a level approxi- 
mately 8 times that observed on the twelfth day. The increase in follic- 
ular size could be attributed mainly to densely packed, modified retic- 
ular cells (Fig. 12). Mitotic figures were present in greatest numbers 
(20 per high power field) at this time also. The follicles still exhibited 
a significant loss of mature lymphocytes, sometimes making it difficult 
to determine the boundary between the reticular cell mass centrally, 
and the surrounding mantle layer. A third specimen (E 24) showed 
follicles with small discrete aggregates of modified reticular cells, but 
with minimal mitotic activity (2 to 5 figures per high power field). The 
antibody titer of this animal was approximately % of the preceding two. 
The red pulp appeared normal with no significant numbers of plasma 
cells being observed. 


DISCUSSION 


The primary antibody response incited by the adjuvant action of 
endotoxin in cortisone-treated rabbits was associated with the appear- 
ance and proliferation of modified reticular cells (pyroninophilic) in the 
centers of splenic follicles. Data consistent with the hypothesis that 
changes in the germinal centers of follicles in the lymph nodes and 
spleen are associated with the production of antibody have been ob- 
tained repeatedly.’* Further substantiation is offered in this study and 
by our recent report that a marked increase in size of and activity within 
splenic follicles were the only morphologic alterations which could be 
correlated with the profound increase in primary antibody levels ob- 
served when the endotoxin adjuvant is incorporated with antigen.® In 
addition, an active role of the white pulp in antibody formation is indi- 
cated from the findings of Ortega and Mellors ** that the splenic follicles 
of man are a source of gamma globulin. 

The histologic features described herein consisted of variable degrees 
of activity on the sixth and eighth days within splenic follicles of rabbits 


a 
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in group E, with a tendency to wane on the twelfth day after antigenic 

stimulus. Following this, follicular activity and serum antibody levels 
were found to be markedly increased on the 18th day, 6 days after 
cessation of cortisone treatment. This burst in both activities after 
cortisone withdrawal supports the concept that the increased follicular 
response is related to the synthesis of antibody. In addition, the number 
of mitotic figures and the degree of pyroninophilia within splenic fol- 
licles, in general, correlated with the level of serum antibody. On the 
other hand, except for a single instance (F 16), only trace amounts of 
hemagglutinating antibody were observed in cortisone-treated animals 
receiving antigen in the absence of endotoxin. In such inhibited animals, 
the splenic follicular response was absent. No serologic or histologic 
“rebound” phenomenon was observed 6 days after cortisone was dis- 
continued (day 18). Partial reconstitution of the follicles with mature, 
medium-sized lymphocytes, however, had occurred at this time. 

The mechanism by which cortisone inhibits antibody synthesis is not 
known. However, there was no apparent morphologic evidence of dam- 
age to the reticuloendothelial cells of the splenic follicles in any of the 
3 groups of cortisone-treated animals. Yet, circulating antibody and the 
follicular response, consisting of proliferation and differentiation of 
primitive reticular cells, were prominent only when endotoxin was given 
in combination with antigen. The fact that little or no antibody appeared 
in the cortisone-treated rabbits receiving only the antigen, despite the 
apparent morphologic normality of these cells, implies that cortisone 
inhibition of antibody production takes place by means other than by 
detectable structural cellular damage. In these animals inhibition may 
be more likely attributed to effects on antigen metabolism within the 
cell. At any rate, it was apparent that the undifferentiated reticular cells 
did not react to and become sensitized to the antigen. 

An additional property of cortisone, that of inhibition of mitosis, may 
also play a role in suppressing the antibody response. For example, evi- 
dence was previously presented ** that cortisone treatment during pri- 
mary antigenic stimulus prevented an animal from responding in a char- 
acteristic earlier and rapid manner to a second injection of the antigen, 
human serum albumin. This suggested that cortisone inhibition could 
occur by preventing initial conditioning of the antibody forming mech- 
anism, or by preventing the increase in numbers of conditioned cells. 
The necessity of the latter for antibody formation has been discussed 
by LaVia, Uriu and Ferguson.’* While it is difficult to differentiate be- 
tween these two hypothetical factors, inasmuch as the former is probably 
required for the latter, our observations during this study indicate that 
even though sensitization was induced in an unknown manner by endo- 


4 


196 WARD, ABELL AND JOHNSON Vol. 38, No. 2 


toxin, cortisone may have exerted some deleterious effect on the mitotic 
activity of these cells. Thus, this hormone seemed to suppress the intense 
mitotic activity associated with the production of elevated levels of 
antibody by the endotoxin adjuvant in the previous study.® Although in 
animals given endotoxin with BGG, conditioning does occur, inasmuch 
as antibody titers were readily measurable and cellular proliferation 
was increased over that of normal control animals, it was not until corti- 
sone treatment had ceased that mitotic activity reached a maximum (day 
18). The suppression of mitotic activity during treatment with cortisone 
was also noted by Craig.® 

The fact that antibody production (under endotoxin stimulus) pro- 
ceeded in the virtual absence of mature lymphocytes tends to negate 
the importance of this cell per se, as being significant in the production 
of antibody under our experimental conditions. A similar conclusion was 
reached by Craig.° As in our previous study,° any role played by plasma 
cells and the red pulp of the spleen under conditions representative of 
the primary response in rabbits, was not apparent. 


SUMMARY 


A morphologic investigation of the primary antibody response to 
bovine gamma globulin stimulated by a bacterial endotoxin in cortisone- 
treated rabbits has been described. Antibody production was associated 
with the appearance and proliferation of pyroninophilic reticular cells 
in the centers of splenic follicles. 
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LEGENDS FOR FIGURES 


All photographs were prepared from sections stained with hematoxylin and eosin. 


Fic.1. Spleen from a normal control rabbit. A representative lymphoid follicle 
consists of a small, pale, inactive center of reticuloendothelial cells, surrounded 
by a dark mantle zone of small lymphocytes and a pale marginal zone of mono- 
cytic cells. X 140. 


.2. Spleen of a rabbit, 8 days after the administration of 10 mg. of bovine 
gamma globulin (BGG) and 5 ug. of endotoxin. A representative follicle con- 
tains a large central area of pale, modified, reticular cells, bordered by a dark 
zone of mature lymphocytes. This section was taken from an animal in a pre- 
vious experiment and is included for purposes of comparison. X 140. 


.3. Spleen from a rabbit in group G, 18 days after the administration of corti- 
sone from days —5 to +12; no antigen. There is a striking reduction in follicular 


substance, and the central arterioles have little surrounding white pulp. X go. 


.4. This section is from the same spleen depicted in Figure 3. Follicular sub- 
stance is markedly reduced, particularly the reticuloendothelial center and 
the mantle zone of lymphocytes. X 140. 
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5. Spleen from a rabbit in group F, 18 days after the administration of corti- 
sone from days —5 to +12 and 10 mg. of BGG on day o. The follicle is ap- 
proximately the size of those in spleens of normal uninjected controls, but the 
reticular center is ill-defined and lymphocytes are reduced in number. The 
change is similar to that observed after the administration of cortisone and no 
antigen. X 140. 


6. Spleen from a rabbit in group E, 4 days after the administration of cortisone 
from days —5 to +12 and 10 mg. of BGG with 5 yg. of endotoxin. The follicle 
is small, nonreactive, and depleted of small dark-staining lymphocytes. Conse- 
quently, it is difficult to distinguish the peripheral zone of monocytes from 
the central reticular cells which are present in normal numbers. X 140. 


7. Spleen from a rabbit in group E, 18 days after the administration of corti- 
sone from days —5 to +12 and 10 mg. of BGG with 5 wg. of endotoxin on 
day o. The follicles are prominent, being 3 to 5 times larger than in normal 
uninjected controls. The central area of modified reticular cells comprises the 
largest component of the white pulp. The dark intermediate zone of lympho- 
cytes is only partially reconstituted. Antibody titers were at peak levels at this 
time. X go. 


8. This section is from the same spleen depicted in Figure 7. The lymphoid 
follicle is much larger than normal, and there is a marked proliferation of cen- 
tral reticuloendothelial elements. 140. 
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Fic.9. Spleen from a rabbit in group F (also depicted in Fig. 5), 18 days after 
the administration of cortisone from days —5 to +12 and 10 mg. of BGG on 
day o. A dark zone of lymphocytes, present in approximately normal quanti- 
ties, surrounds the central arteriole. A pale, nonreactive area of reticuloendo- 
thelia! cells is present at one side of the follicle. Antibody was not detectable 
in the,serum. X 260. 


.10. Spleen from a rabbit in group E, similar to that depicted in Figure 7. A 
greatly enlarged follicle is shown with an enlarged central area of modified 


reticular cells and intense mitotic activity. The central arteriole is located periph- 
erally in a very scant intermediate zone of dark lymphocytes, surrounded by 
a narrow zone of monocytes. Antibody titers were maximal at this time. x 200. 
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11. Spleen from a rabbit in group E, similar to Figure 6. A small germinal 
center of a follicle is shown. Pale oval reticuloendothelial cells are evident with 
an occasional modified reticular cell, of which only a large oval nucleus with 
prominent nucleolus is identifiable. Dark, medium-sized, mature lymphocytes 
are noted peripherally, while lighter monocytic cells with a nuclear chromatin 
network are marginally arranged. x 620. 


12. Spleen from a rabbit in group E, higher magnification of the center of the 
active germinal follicle seen in Figures 7 and 10. The predominant element is 
a polygonal, modified reticular cell with a prominent nucleolus and chromatin 
pattern. Mitotic figures are prominent. X 620. 
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LESIONS OF TESTES OBSERVED IN CERTAIN PATIENTS 
WITH WIDESPREAD CHORIOCARCINOMA 
AND RELATED TUMORS 


THE SIGNIFICANCE AND GENESIS OF HEMATOXYLIN-STAINING BopIEs 
IN THE HuMAN TESTIS 


J. G. Azzoparpt, M.D.,* F. K. Mostort, M.D., anv E. A. Tue1ss, M.D. 
From the Testicular Tumor Registry, Armed Forces Institute of Pathology, 


and the Veterans Administration Central Laboratory for Anatomical 
Pathology and Research, Washington, D.C. 


The significance of testicular scars as sites of healed primary gonadal 
tumors in patients with extragenital choriocarcinoma has long been 
known," as has also the association of a small adult teratoma of testis 
with widespread metastasis.? A detailed study of a number of such cases 
from the files of the Testicular Tumor Registry of the Armed Forces 


Institute of Pathology yielded other interesting results which we believe 
merit publication. 


MATERIAL 


The 17 cases utilized in this investigation were those in which the patients had 
died with widespread tumors consisting of choriocarcinoma in 8 instances, embryonal 
carcinoma in 5, mixtures of choriocarcinoma and embryonal carcinoma in 3, and 
teratocarcinoma and embryonal carcinoma together in 1 case. The patients were all 
young men. Gynecomastia was reported in 11 patients, 7 of whom had choriocarci- 
noma. In all 17 the testicular lesion consisted only of a fibrous scar in which viable 
neoplastic tissue was either absent or of minute size (not exceeding 5 mm. in 
diameter). Testes containing a hemorrhagic focus in which little recognizable neo- 
plasm was identifiable were excluded, since it is well known that these may represent 
instances of choriocarcinoma with scanty residual viable primary tumor tissue.* 
Also excluded were examples of minute teratoma of testis in patients who were not 
examined at necropsy. 

As controls, the testes were examined from 60 patients with interstitial cell tumors, 
20 patients with Sertoli cell tumors, 65 young patients dying from automobile and 
other accidents, 80 patients dying of malignant neoplastic disease of all types, and 
25 patients with primary mediastinal teratoid tumors. 


PATHOLOGIC OBSERVATIONS 


The incidence and types of testicular lesions are shown in Table I. The 
most frequent lesion consisted of a more or less well-defined fibrous 


Accepted for publication, August 10, 1960. 
* This work was done while Dr. Azzopardi was a Dillon Fellow at the Armed Forces 
Institute of Pathology. The technical assistance in preparation of special stains was given 
by the Dillon Fund of the Memorial Center for Neoplastic and Allied Disease. 
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scar (Fig. 1), often containing the ghostlike remains of hyalinized 
seminiferous tubules. The scar was usually irregular in shape, some- 
times linear, wedge-shaped, or irregularly rounded. It consisted of rela- 
tively acellular collagenous tissue, usually dense but sometimes loose, 
and contained an occasional mast and plasma cell. In 10 of the 17 cases, 
the scar was situated in the neighborhood of the rete testis (Fig. 1), and 
in only 1 was it known to have been situated at the pole of the testis. 
Siderophages were present in 7 of the scars, in moderate numbers in 5 
and in large numbers in 2 (Fig. 2). 

In 13 of the cases, in addition to the scars, peculiar hematoxylin- 
staining deposits were observed (Figs. 1 and 3). These deposits ap- 
peared as rounded or ovoid foci sharply separated from one another by 
a basement membrane and intervening scar tissue. They were compactly 
arranged in a small portion of the scar or scattered uniformly through it. 
Their size and general configuration, and in particular the hyaline, 
thickened basement membrane surrounding each one, suggested strongly 
that the deposit was located within dilated seminiferous tubules (Fig. 3) 
and not in vascular channels. The hematoxylin-staining material was 
not accompanied by red cells, fibrin thrombi, or organizing thrombi; 
there was no smooth muscle in the surrounding wall. Hematoxylin- 
staining foci were present only in sites where seminiferous tubules were 
found and not in vascular channels. For further confirmation, one case 
(AFIP Acc. No. 589674) was examined in serial sections, and the hema- 
toxylin deposits, Sertoli cells, and a corpus amylaceum were all observed 
within the same basement membrane. The deposits had an amorphous, 
granular, unorganized structure (Fig. 3). Sometimes they appeared as 
larger irregular fragments in an amorphous matrix. 

In two instances, malignant neoplastic cells were recognizable within 
tubules, associated with the hematoxylin-staining substance (Fig. 4). 
These cells did not have the sharp outlines of the neoplastic cells in intra- 
tubular seminoma, and they had vesicular nuclear features suggesting 
undifferentiated tissue of the type seen in embryonal carcinoma. 

The tissue around these aggregates was sometimes torn in the process 
of sectioning, suggesting calcification of the deposits. Von Kossa stain- 
ing showed that phosphate was, in fact, often present, and staining with 
alizarin red established the presence of calcium. The hematoxylin stain- 
ing was not, however, due to lime salts since calcium per se is not 
hematoxylinophilic.* The deposit often stained in positive manner and 
occasionally deeply with Mayer’s mucicarmine. More significantly, 
Feulgen-positive ° material was found frequently in these foci, indicat- 
ing that mucoid substances and deoxyribonucleic acid (DNA) were 
responsible for most of the hematoxylin staining. Staining of paraffin 
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sections with Sudan black B® showed the presence of formol-fixed lipid 
in the deposits; these also gave a strongly positive reaction with Baker’s 
acid hematein method. The periodic acid-Schiff reaction was only 
weakly and variably positive. The Danielli coupled tetrazonium 
method® yielded a positive result, with a bright orange color in the 
tubular deposits, indicating the presence of tyrosine, tryptophan, or 
histidine. This occurred in spite of formalin fixation, which is likely to 
reduce the intensity of the reaction because of blocking in aromatic 
hydroxyl groups. Millon’s reaction ® demonstrated the presence of tyro- 
sine. The hematoxylin deposits were composed, therefore, of an amor- 
phous, complex mixture of phospholipid, protein, and scanty 1-2 glycol 
groups in combination with DNA. Some specimens, but not all, contained, 
in addition, mucicarminophilic material and calcium phosphate; calcium 
was not an essential part of the complex, however. 

In addition to the scars and hematoxylin-staining bodies, certain 
neighboring viable tissues were seen. Teratomatous elements were pres- 
ent in 8 cases in close proximity to the scars. Although initially missed 
or interpreted as congenital rests, these consisted of epidermal cysts 
(Figs. 1 and 5) containing keratin in 4, mucous cysts in 2 (Fig. 6), and 
both types of cysts in another case; one contained 2 minute cysts lined 
by columnar non-mucus-secreting epithelium. In one of the lesions a 
mucous cyst was surrounded by a thick layer of smooth muscle. In the 
scar containing both mucous and epidermoid cysts, there was also some 
neuroglial tissue. A few typical enterochromaffin cells were present in 
the epithelial lining of one mucous cyst (Fig. 7). 

In two cases (Acc. Nos. 168079 and 281811) the scars did not con- 
tain recognizable teratomatous tissue or hematoxylin-staining deposits. 
One was an irregularly rounded scar, 1.5 by 0.6 cm., near the upper pole 
of the testis, containing large numbers of siderophages (Fig. 2); the 
other was an irregularly stellate scar in the rete testis, containing few 
siderophages. 

In 4 instances a microscopic focus of seminoma was encountered in the 
tissue surrounding the scarred area, in each case occupying no more than 
a fraction of a high-power field (Fig. 8). A far more prominent finding 
than these minute seminomatous foci was an alteration in the seminifer- 
ous tubules adjacent to or a short distance from the scarred area. These 
sometimes involved a considerable zone of tissue, and were evident in 
many blocks (Fig. 9). Where this change was present, spermatogenesis 
had ceased and the tubules usually showed hyalinization and contained 
only these atypical cells. Frequently there was an associated inner layer 
of Sertoli cells (Fig. 10) and at other times these filled the lumen. 

The remaining portion of the testis usually showed atrophy of semini- 
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ferous tubules, hyalinization of basement membrane, and hyperplasia 
of interstitial cells. 


ILLUSTRATIVE CASES 


Two examples have been selected to illustrate the problems that may 
be encountered with this type of lesion. 


Case 1 (AFIP Acc. No. 161897) 


The patient was a 21-year-old white male. The first symptom was blood-stained 
sputum. Slight shortness of breath with chest pain developed within 1 month. Two 
months later he complained of pain in the right lumbar region. Shortness of breath 
became more marked, and he developed pain in the left lower chest. His appetite 
was poor, and he lost weight. Examination on admission revealed an acutely ill 
patient. The right apex posteriorly and the entire left lung field were dull to per- 
cussion. A large, hard, tender mass was palpable in the epigastrium. The clinical 
course was progressively downhill. A month later he became mentally confused 
and had severe coughing bouts, with expectoration of blood. He became comatose 
and died just over 4 months after his initial symptoms. Neither the correct diagnosis 
nor the possibility of a primary testicular neoplasm were suspected. 


Necropsy revealed tumor deposits in the lungs, liver, ileum, and brain. 
The largest, weighing 220 gm. and measuring 9 by 6 by 5.5 cm., was 
situated in the retroperitoneal tissues. The mass lay to the right and 
below the junction of the second and third portions of the duodenum, 
and anterior to the right kidney and psoas muscle. It partially sur- 
rounded the inferior vena cava and aorta. The anterior wall of the vena 
cava was invaded by the neoplasm, which projected slightly into its 
lumen and was covered by a small amount of thrombus. On section, the 
mass had a variegated appearance, dark and light red with pale yellowish 
areas. The testes appeared normal in size and color and showed no 
macroscopic abnormality. Microscopic examination of the retroperi- 
toneal mass and other tumor deposits showed embryonal carcinoma and 
choriocarcinoma. Sections of the testes were originally regarded as nor- 
mal, and the possibility of a primary retroperitoneal teratocarcinoma 
with choriocarcinomatous differentiation was entertained. Re-examina- 
tion of the testicular sections, however, showed a small linear scar con- 
taining intratubular hematoxylin-staining deposits. This was considered 
to be a healed primary testicular tumor. 


Case 2 (AFIP Acc. No. 589674) 


A 26-year-old white male had been in good health until 4 weeks before admission, 
when he complained of malaise, severe cramps, and some blood and mucus in the 
stools. He then noted left subcostal pain and persistent back pain. In the 4 weeks 
he lost 20 pounds. Severe anorexia and vomiting developed, and at the time of ad- 
mission, severe pain over the sacrum and in the left flank were the main complaints. 
Inquiry elicited the information that about 4 or 5 years previously he had had some 
intermittent swelling and tenderness of both breasts. 
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Examination showed a thin man in moderate discomfort. There was tenderness 
over the epigastrium and left upper abdominal quadrant, and a nodular, hard mass, 
about ro cm. in diameter, was palpable in the left hypochondrium. The testes ap- 
peared normal. There was bilateral gynecomastia, more pronounced on the right, 
with indurated breast tissue, 5 cm. in diameter, beneath the enlarged right nipple. 
Estimation of follicle-stimulating hormone excretion revealed 80 mouse units per 
24 hours (normal for age, 8 to 20 units). Chorionic gonadotrophin level was 549,000 
mouse units per 24 hours (normal, 0). Urinary estrogen assay was 34 gamma per 
24 hours (normal for age, 2.5 to 10 gamma), and the 17-ketosteroid level was 17.1 
mg. per 24 hours (normal, 10 to 20 mg.). Radiologic examination showed the stomach 
to be displaced to the right and anteriorly by a retroperitoneal mass in the region 
of the left kidney. Roentgenograms of the skull and lumbar spine revealed no lesions. 
A chest film showed many small, rounded deposits within the lung fields. Excretory 
urograms revealed a nonfunctioning left kidney. 

A month after admission to the hospital the patient was treated with stilbestrol, 
50 mg. 4 times daily. In an effort to determine the site of the primary lesion, 2 testic- 
ular biopsy examinations were made, but with negative results. The patient remained 
anemic, with a hemoglobin level below 8 gm. per 100 ml., despite blood transfusions. 
He became very dyspneic. Four hundred cc. of dark red blood was removed from 
the left pleural space. He remained in an oxygen tent until death, about 6 weeks 
after admission and 10 weeks after the onset of symptoms. 


At necropsy, choriocarcinoma was found in the liver, lung, brain, 
kidney, spleen, vertebral bone marrow, and retroperitoneal soft tissue, 
including the left psoas muscle. There was bilateral gynecomastia. The 
right testis contained several reddish-yellow areas of discoloration and 
the left testis, many reddish foci. There was no tumor recognizable 
macroscopically, however, in spite of careful examination of many par- 
allel slabs. Both testes contained zones of infarction, probably the result 
of surgical trauma. Leydig cell hyperplasia was more prominent in the 
left testis. In the region of the left rete testis a collagenous scar con- 
taining several minute squamous nests and cysts, one lined by mucous 
cells, was found along with some neuroglial tissue. There were hema- 
toxylin-staining deposits and degenerating malignant neoplastic cells 
within a few tubules. The left testis is considered to be the primary site. 


Discussion 


Small focal scars secondary to trauma or orchitis are not unusual in 
the testes of adults. Circumscribed scars containing hemosiderin or 
calcification of the type reported by us, however, have not been observed 
except in patients with metastatic choriocarcinoma, embryonal carci- 
noma, or teratocarcinoma. Prym’ is credited with the first report of a 
case of this type in which a testicular scar containing brown pigment 
was associated with choriocarcinomatous metastases. Heaney’s case ® 
was interpreted by him as an example of extragenital choriocarcinoma, 
but Symeonidis’ and Roth® both regarded the hemorrhagic testicular 
scar as a retrogressed primary tumor. Michel® reported a further in- 


= 


214 AZZOPARDI, MOSTOFI AND THEISS Vol. 38, No. 2 


stance, and Eck’s first case?° of testicular tumor with a pea-sized scar 
in the testis is probably similar. In Roth’s series of testicular tumors,* a 
scar near the rete was associated with choriocarcinomatous metastases 
and gynecomastia in case 9. Roth mentioned intratubular calcification 
in his case. Friedman” referred to several scars of this type, with or 
without calcification. Rather, Gardiner and Frerichs*” reported 6 new 
cases which, with the 18 they had accumulated from the literature, 
showed either a scar, foci of seminoma, or cysts and tubular structures 
in the zone of testicular fibrosis. Maluf, Loeffler and Erickson * also re- 
ported focal areas of fibrosis and patches of calcification associated with 
an adult testicular teratoma in a patient with widespread choriocarci- 
noma. More recently Maring, Knopp and Langecker ** also considered 
a scar in the testis as primary in a patient who died of widespread chorio- 
carcinoma. 

Calcification is not unusual in the testis. The most common forms of 
calcified bodies are mucospherules or concretions found in atrophic 
seminiferous tubules (Fig. 11). These are smoothly rounded bodies with 
a concentrically laminated structure; they occupy the tubular lumens 
and are occasionally surrounded by a single residual layer of Sertoli-like 
cells. These psammoma-like bodies are seen frequently in cryptorchid 
testes and, in these, they are associated with the multiple tubular “ade- 
nomas” or foci of Sertoli cell hyperplasia common in undescended testes 
(Fig. 12). The concretions are also observed in atrophic seminiferous 
tubules surrounding any type of testicular neoplasm, and in these cir- 
cumstances may become “‘caught up” in the neoplastic process. These 
bodies are probably related to abnormal activity of Sertoli cells. They 
are somewhat analogous to corpora amylacea in the prostate or lung. 
The mucospherules may be either eosinophilic or hematoxylinophilic. 
They stain feebly with mucicarmine; sometimes a small central core 
appears carminophilic while the periphery remains unstained. On the 
other hand, they give an intensely positive PAS reaction. Even when the 
calcified bodies are fragmented in the process of sectioning, their lami- 
nated structure is usually still discernible. 

Less frequently, calcific deposits may be seen in healed inflammatory 
lesions and in certain primary tumors of the testis in the form of granular 
calcium salts. 

In contrast to these, the amorphous and granular hematoxylin-stain- 
ing bodies described in this investigation and not seen in any of the 
control testes are quite distinct from the corpora amylacea and the cal- 
cifications of inflammatory origin. By histochemical technique we have 
demonstrated that these hematoxylin bodies are composed of a complex 
mixture of phospholipid, protein and scanty 1-2 glycol groups, DNA and 
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calcium phosphate. Calcium, while present, is not an essential com- 
ponent. It may be safely assumed, therefore, that the hematoxylin bodies 
represent necrosis of nuclear chromatin. That such a possibility does 
exist is suggested by Friedman’s observation ™' that choriocarcinoma, by 
virtue of its tendency to blood vessel invasion, may cause infarction of 
considerable extent. The intratubular neoplastic tissue accompanying 
the hematoxylin-staining material, seen in 2 of our cases, represents an 
undifferentiated form of malignant tumor. It may well be that the high 
metabolic turnover of such neoplastic cells, perhaps, associated with a 
poor blood supply, leads to massive necrosis of the intratubular tumor. 

The significance of the hematoxylin-staining bodies was further in- 
vestigated. They were not infrequently observed in grossly recognizable 
testicular teratoid tumors (Figs. 13 and 14) not included in this study 
of 17 cases. In a number of these the transformation of recognizable 
intratubular malignant elements to granular debris could be traced. It 
is significant that in these cases the neoplastic cells were undifferentiated 
and did not resemble either germ or seminoma cells. 

In 8 of our patients minute teratomatous structures were observed. 
These were similar to those reported by Stark,? Craver and Stewart,’® 
Symeonidis,”** Rottino and DeBellis,” and Riopelle.** In 4 patients 
microscopic seminomas were associated with hematoxylin-staining 
bodies and teratomatous structures. 

Another frequent finding was a peculiar alteration observed in 13 
cases. This was characterized by large hyperchromatic cells with a small 
amount of vacuolated cytoplasm. These cells occurred inside seminifer- 
ous tubules and resembled germ cells. They were identical to the cells 
described by Dixon and Moore® in the rete testis of some of their ex- 
amples of invasive seminoma. Similar cells were not observed in any 
of our control specimens; we have seen them most frequently in the 
seminiferous tubules of patients with seminoma and occasionally they 
have been associated with other germ cell tumors of the testis. Their 
significance and possible relationship to the genesis of teratoid tumors 
of testes is under investigation. 

Thus, in a group of 17 patients, 11 with gynecomastia, widespread 
metastases of either choriocarcinoma or embryonal carcinoma have been 
observed at necropsy. In these cases certain lesions have been observed 
in the testis, consisting of a circumscribed scar and intratubular hema- 
toxylin-staining material with a high DNA content. These have some- 
times been accompanied by small teratomatous structures and in a few 
cases by microscopic foci of seminoma. The occurrence of these testic- 
ular structures in patients with generalized metastatic growths would 
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appear to provide satisfactory circumstantial support for the theory of 
retrogression in primary testicular tumors. 

The appearance of hematoxylin-staining bodies in well defined tera- 
toid testicular tumors leaves no doubt that they represent cellular debris 
resulting from ischemic necrosis of neoplastic tissue. These deposits are 
located almost exclusively within tubular structures. Although dilated, 
the tubules are most probably either seminiferous tubules or ducts. It is 
possible that necrotic debris in this location is removed with difficulty 
and forms an inspissated matrix in which calcium salts may be deposited. 

Although the 17 cases investigated were all examined at necropsy, 
and the testicular lesions observed were not found in 250 control testes, 
it cannot be assumed that such lesions always lead to generalized dis- 
semination of tumor. It must be borne in mind that these lesions were 
frequently detected only after careful search and special study of the 
testes in patients who had metastatic tumors of apparent germ cell 
origin. It is possible that a number of these testicular lesions, in fact, 
may remain quiescent and never give rise to metastases. Similarly, it may 
be that in patients without gynecomastia or metastatic choriocarcinoma 
but with generalized metastases of less distinctive germ cell tumors of 
other types, the testes are either superficially examined or not examined 
at all. Thus, a minute primary tumor, whether viable or having under- 
gone retrogression, may be missed. The high coincidence of choriocar- 
cinoma and gynecomastia in this group of cases may, therefore, be 
genuine or reflect case selection. 

Our observations have a bearing on the question of the existence of 
primary extragonadal choriocarcinoma in the male. Cases have been re- 
ported in the retroperitoneum and the peritoneal cavity, in the medi- 
astinum, and in the pineal, as well as in various organs.’® ** We believe 
that skepticism is justified in most cases of this type. This applies par- 
ticularly to the cases *:*:** in which incidental lesions found in the testes 
should probably be re-interpreted as examples of neoplastic retrogres- 
sion. We consider it essential that the testes from patients of this type 
be carefully and serially examined. Only if no lesions are found may the 
case be accepted as an example of extragonadal choriocarcinoma. 

So far there have only been about 30 cases reported in which careful 
examination of the testes showed no probability of primary neoplasm 
in this location.**.?%?*:25-27 Stowell, Sachs, and Russell,?? however, have 
questioned (a) the evidence indicating spontaneous healing of primary 
chorionepithelioma while the metastases continue to grow, and (b) the 
significance of scars in the testes. Lynch and Blewett*' have offered 
the intriguing possibility that “testicular scars” (reported as the alleged 
site of burned-out primary tumors in patients with widespread chorio- 
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carcinomas) “might themselves be the results of extragenital growths” 
and that “the intense hormonal stimulation may cause totipotent gonadal 
cells to develop into small teratomata.” While absolute proof may be 
lacking, we believe that the testicular scars and the other lesions of the 
type described by us constitute the primary foci from which widespread 
dissemination of choriocarcinoma and related tumors may occur. Similar 
lesions were not observed in any other condition or in the contralateral 
unaffected testes of patients with metastatic choriocarcinoma or in other 
patients with primary extragonadal choriocarcinoma. 

The intratubular location of the hematoxylin-staining bodies as well 
as the appearance of malignant neoplastic cells in the tubules offers evi- 
dence in support of an intratubular origin of teratoid testicular tumors, 
a concept already accepted for seminoma.*:”* A secondary extension into 
the tubules in 13 of 17 cases by such minute foci of neoplastic tissue 
would seem highly unlikely. In seminoma it is often possible to trace 
the tubular origin of the lesion even when the tumor has attained a con- 
siderable size. In embryonal carcinoma and other teratoid testicular 
tumors, this feature is rather rare unless the tumor is seen very early 
or is undergoing regression. The long-standing controversy over the 
origin of testicular teratoid tumors mainly centers about the concept of 
escape by embryonic median or paramedian tissue from the influence of 
a primary organizer *® versus the germ cell theory of origin. The presence 
of genuine choriocarcinoma in teratoid testicular tumors favors the lat- 
ter hypothesis, and the possibility of origin of these tumors by fusion 
of haploid cells has received great support from recent work on the 
nuclear sexing of the neoplastic tissue.*° The tubular localization of 
testicular teratoid neoplasms which have undergone partial regression 
suggests a probable tubular origin for embryonal carcinoma and related 
tumors, an observation which further supports the concept of germ cell 
origin for these neoplasms. 


SUMMARY 


In 17 patients with widespread choriocarcinoma and related neo- 
plasms, frequently with associated gynecomastia, certain lesions have 
been observed in the testes. In all instances a distinct and well defined 
fibrous scar was found. In addition, in 13, peculiar amorphous hema- 
toxylin-staining deposits were observed in dilated seminiferous tubules. 
By histochemical methods, these deposits were shown to consist of 
phospholipid, protein debris, and DNA, and in some cases, mucoid sub- 
stances and calcium phosphate. Believed to originate from the necrosis 
of undifferentiated neoplastic tissue of germ cell origin, the presence of 
these hematoxylin deposits lends support to earlier reports of burned-out 
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primary testicular tumors. In 8 cases there were remnants of mature 
teratoma, and in 4 there were microscopic foci of seminoma in relation 
to the scars. 

The observations are interpreted to indicate regression of primary 
testicular tumors. Biologic factors responsible for regression in a pri- 
mary neoplasm remain to be established. Certain alterations were also 
observed in the germ cells of the testis adjacent to the scar; the sig- 
nificance of these could not be determined. 
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LEGENDS FOR FIGURES 
All photographs were prepared from sections stained with hematoxylin and eosin. 


Fic. 1. (AFIP Acc. 589674, Neg. 59-3809) A hyalinized scar adjacent to the rete 
testis contains hematoxylin-staining bodies and a cluster of small cysts. X 20. 


Fic. 2. (AFIP Acc. 168079, Neg. 60-113) A scar contains numerous siderophages. 
Note the fibrosed remnant of seminiferous tubules. < 130. 


Fic. 3. (AFIP Acc. 323501, Neg. 59-6417) Amorphous granular, nonlaminated 
hematoxylin-staining material appears in the tubules. Note the hyalinized base- 
ment membrane and the complete absence of red or white cells. X 350. 


Fic. 4. (AFIP Acc. 589674, Neg. 59-3806) Tubules contain both fragmented hema- 
toxylin bodies and neoplastic cells. The cells resemble an undifferentiated em- 
bryonic type of carcinoma. X 165. 


Fic. 5. (AFIP Acc. 589674, Neg. 59-6415) Higher magnification of area “A” in 
Figure 1, showing a cyst lined by squamous cells. X 440. 


Fic.6. (AFIP Acc. 589674, Neg. 59-6414) Higher magnification of area “B” in 
Figure 1, showing a cyst lined by tall columnar mucous epithelium. X 440. 
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.7. (AFIP Acc. 927471, Neg. 59-5982) A mucous cyst from another case, 


showing enterochromaffin cells wedged between the bases of the columnar cells. 
X 530. 


.8. (AFIP Acc. 589674, Neg. 59-5977) A small focus of typical seminoma 


from an area adjacent to a testicular scar. The cells are vacuolated and appear 
mostly in small groups. X 165. 


g. (AFIP Acc. 323501, Neg. 59-6419) Altered, hyperchromatic germ cells in 
the tubules surrounding a scar. X 130. 


1o. (AFIP Acc. 323501, Neg. 59-6418) Higher magnification of Figure 9, 
showing hyperchromatic cells and vacuolation of the cytoplasm. Note the ar- 
rangement of Sertoli cells between the hyperchromatic abnormal germ cells 
and the lumen of the tubules. x 660. 
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.11. (AFIP Acc. 323501, Neg. 59-5623) The structure of the mucospherules 
frequently observed in testes is shown. Note the concentric laminated appear- 
ance. X 305. 

.12. (AFIP Acc. 307805, Neg. 59-3985) A solitary mucospherule frequently 
seen among persistent Sertoli cells in an undescended testis. x 195. 


13. (AFIP Acc. 480273, Neg. 59-4402) A teratoma of the testis, consisting 
chiefly of ossifying cartilage and adipose marrow. Note the hematoxylin-staining 
deposits in the adjacent scarred area. X 50. 


.14. (AFIP Acc. 532644, Neg. 59-6422) A control case with grossly detectable 
embryonal carcinoma. In one area a typical hematoxylin-staining deposit is 
observed in intimate relationship to the neoplasm. This is believed to represent 
an area of necrosis in the tumor. X 42. 
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JUXTAGLOMERULAR CELL COUNTS AND HUMAN 
HYPERTENSION 


Crame Turceon, M.D., anp SHELDON C. Sommens, M.D. 


From the Department of Pathology, Massachusetts Memorial Hospitals, 
and the Departments of Pathology and Biochemistry, Boston University 
School of Medicine, Boston, Mass. 


The juxtaglomerular body of the kidney was classically described by 
Goormaghtigh.* It consists of 8 to 15 epithelioid cells located near the 
glomerular hilus, apparently in continuity with the muscle cells of the 
afferent arteriole, and in close proximity to the macula densa. Together, 
the juxtaglomerular body and macula densa compose the juxtaglomeru- 
lar apparatus.” The cells described in this paper do not include those of 
the macula densa. The function of these morphologic entities is not 
known with certainty, although the juxtaglomerular cells have been 
thought by many to have an endocrine action. In recent years, attempts 
have been made by Hartroft and associates,*>* Tobian,* and others * 
to correlate the granularity of the renal juxtaglomerular cells with hyper- 
tension, blood electrolytes, and the effects of mineralocorticoid hormones. 
Most of the work has been done with experimental animals. An attempt 
was therefore made to correlate the morphologic features in human sur- 
gical specimens with clinical observations in patients with hypertension. 
Cases of hypertension following partial or complete occlusion of a renal 
artery, so-called “Goldblatt kidneys,” were investigated first because 
most physicians accept these as clear-cut examples of human hyperten- 
sion primarily of renal origin. 


MATERIAL AND METHODS 


Surgically removed human kidney tissue was investigated in 112 cases. This in- 
cluded: (a) to “control” specimens from normotensive patients. The kidneys 
were removed because of renal hemorrhage, cysts, hydronephrosis, calculi or car- 
cinoma; (b) 20 “Goldblatt type” kidneys without pyelonephritis. In 5 of these 
a biopsy of the contralateral kidney was made at the time of operation; (c) 18 
kidneys with chronic pyelonephritis, including 8 from patients with persistent hyper- 
tension (blood pressure levels of 150/90 or more) and 10 from patients without 
hypertension; (d) 37 biopsy specimens from patients who had sympathectomy opera- 
tions for “essential” hypertension. The degree of arteriolosclerosis in these specimens 
was designated grade o, I, II and III, according to criteria described previously *; 
(e) ro renal biopsy specimens from patients in whom a diagnosis of “malignant” 
hypertension was based on clinical data or histologic evidence of arteriolar necrosis, 
or both; (f) 7 renal specimens from patients who had removal of a pheochromocy- 
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toma; and (g) 10 kidney biopsy fragments showing subacute or chronic glomeru- 
lonephritis. 

All the renal biopsy tissues were procured from adult patients, and were obtained 
during an “open” surgical exposure; they averaged 1.2 by 0.8 by 0.4 cm. The opera- 
tive specimens were submitted, for the most part, by Dr. Reginald H. Smithwick, 
Dr. William Porell and their associates at the Massachusetts Memorial Hospitals, 
Boston. Additional tissue was kindly provided by Dr. Gustave J. Dammin, Peter 
Bent Brigham Hospital, Boston; Dr. Louis B. Thomas, Bethesda Clinical Center, 
Bethesda, Maryland; Dr. S. Bernstein, Veterans Administration Hospital, Phila- 
delphia; and Dr. Gordon F. Vawter, Children’s Medical Center, Boston. Several 
specimens were discarded because of inadequate size, preservation or fixation, or 
incomplete clinical investigation. Florence W. Haynes, Ph.D., had performed renin 
assays on renal venous blood obtained at operation in 13 of the 20 “Goldblatt type” 
cases. 

Tissues were usually fixed in Zenker’s fluid, but the juxtaglomerular cell gran- 
ules appeared better defined in a few instances when formalin followed by Bouin’s 
fixative was used. Microscopic diagnoses in each case were made from conventional 
sections stained with hematoxylin and eosin. Special stains were then applied. The 
periodic acid-Schiff (PAS) stain, Masson’s trichrome with ponceau fuchsin, originally 
used by Goormaghtigh, and such methods as the Gram or Wilson stains,“ using ethyl 
violet, were employed. The Bowie stain utilized by Pitcock and Hartroft,’ and com- 
posed of a mixture of Biebrich scarlet and ethyl violet, was found to be most useful 
in delineating the architecture, and particularly the granules of the juxtaglomerular 
cells. With this stain (Fig. 1), deep purple granules can be identified in the juxta- 
glomerular cells and in certain cells of the convoluted tubules also (Fig. 2). The 
elastica of the arteries stains purple, while other tissues are pink. 

Estimates of the activity in juxtaglomerular cells were made in the above cases, 
first using the juxtaglomerular index (JGI) devised by the Hartrofts.** In general, 
this was increased in the “Goldblatt type” kidneys. Since, however, it is mostly an 
estimate of intracellular granularity, it did not reflect the presence of increased 
numbers of cells or of large, clear, nongranulated, apparently hypertrophied cells 
often found in abnormal kidneys. To express adequately these fairly frequent varia- 
tions in the size and number of cells, a new counting method, the juxtaglomerular 
cell count (JGCC) was devised. 

For the latter, the total number of cells in 25 juxtaglomerular bodies was counted, 
and their types were tabulated. Four cell types were commonly identified: type I, 
small cells with little or no granulation; type II, small cells with moderately granu- 
lated cytoplasm; type III, cells with heavily granulated cytoplasm, usually somewhat 
larger than type II; and type IV, large agranular cells with clear, watery cytoplasm. 

The granularity of convoluted tubular epithelium was also assessed by counting 
1,000 cells, using every fifth field and every fifth row under high dry magnification. 
Granularity was graded as follows: o, no granules; +, slight granularity; +-+-, 
moderate to heavy granularity. The tubular epithelium was often found to contain 
more granularity in abnormal kidneys than in the controls. However, the differences 
were not statistically significant and the results are not included in this paper. Only 
the results with a probability value (p) smaller than 0.05 will be discussed, unless 
otherwise specified. 

The cases were investigated histologically by two independent observers, and 
paired data analyses did not disclose any significant difference in their results. Clin- 
ical correlations were made only after completion of the histologic study. 


RESULTS 


In control kidneys from normotensive patients, cell types I and IV 
together accounted for 95 per cent of the total juxtaglomerular cells. The 
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TABLE I 
JUXTAGLOMERULAR CELL TYPES AND TOTAL COUNTS IN SURGICALLY REMOVED HUMAN KIDNEYS 


No. of JGCC * Types of cells 
cases (total) II and III IV 


Controls 


Io 192 + 21 om 7 
“Goldblatt”: Total 20 273 +53 29+ 18 20+ 13 
Cured (11) 294 + 39 32 +19 2214 
Improved A (3) 292 + 21 1714 29 6 
Improved B (3) 252 + 48 22 6 232 5s 
No change (3) 196 + 42 36+ 18 Iot 9 
Pyelonephritis: with hypertension 8 189 + 30 16 + 10 14+ 10 
no hypertension 10 192 + 32 sos 7 20+ 14 

Essential hypertension 37 241 + 30 12 6 ms 8 
Grade o (7) 249 + 27 
Grade I (10) 238 + 40 gt 6 ox 7 
Grade II (10) 251 + 29 8+ 3 ot § 
Grade III (10) 230 + 26 2514 
Malignant hypertension 10 243 27 4+ 4 6 
Pheochromocytoma 7 240 + 31 72 5 18 + I0 
Glomerulonephritis 280 + 37 4+ 4 


* JGCC = juxtaglomerular cell count (see text). 


total counts (JGCC) averaged 192 + 21 cells for 25 glomeruli, or 7 to 
9 cells per unit (Table I and Fig. 1). 


Unilateral Kidney Disease 


In the “Goldblatt type” kidneys the average JGCC was 273 + 53, or 
9 to 13 cells per unit (Fig. 3). There were wide variations between the 
cases, however, and a review of the clinical records revealed interesting 
relationships between the counts and the patients’ clinical courses. First, 
there was an inverse correlation between the JGCC in most instances and 
the duration of the hypertension before operation (Text-fig. 1). Second, 


YEARS 
No. of Cells Counted 
400/- Dur. of Hypertension before Operation 25 
15 
300/- Aor 5 
| 4 
Y 
12 3 5 6 7 8 9 O tt 2 13 
CASES 


TextT-FIGURE 1. Graphic representation of the relation between the total number of 
juxtaglomerular cells counted in 25 juxtaglomerular bodies (hatched bars) and the pre- 
operative duration of hypertension (black bars) in 13 cases of primary renal hypertension. 
The JGCC declined in patients with so-called “Goldblatt” kidneys when the associated 
hypertension was of longer duration. 


= 
= 
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the therapeutic effect of the nephrectomy was considered (Text-fig. 2) 
and classified as follows: (a) Excellent, blood pressure reduced post- 
operatively to 140/90 mm. of Hg or less for at least one year; (b) im- 
proved A, blood pressure usually 140/90 but somewhat higher at times; 
(c) improved B, blood pressure reduced but still above normal levels; 
(d) “no change.” 


400[ 

300 
100 


EXCELLENT NO CHANGE 


TEXT-FIGURE 2. Relationship between the total juxtaglomerular cell count (JGCC) 
and the therapeutic effectiveness of a unilateral nephrectomy for hypertension. The clinical 
results were better when the JGCC was significantly increased. The encircled value refers 
to the 69-year-old woman mentioned in the text. 


The patients who were cured or markedly improved were found to 
have significantly higher cell counts than the others. The one exception 
was a patient with a high JGCC whose hypertension was reduced, but 
still remained above normal, i.e., improved B. This patient was 69 years 
old, had generalized arteriosclerosis and a recent renal arterial throm- 
bosis with ischemia in an already atrophic kidney. 

The patients who were cured proved, in general, to be younger than 
those who did not respond to surgical treatment. Weight determinations 
of the kidneys, when available, showed that the higher cell counts were 
found in kidneys with near normal weights (103 + 31 gm.) while lower 
counts were noted in atrophic kidneys (71 +17 gm.; p=o0.05). The 
group with the poorest therapeutic response had severe arteriosclerosis 
with involvement not only of a renal artery but of the aorta and of the 
iliac arteries as well. In these cases, there were also old organized renal 
infarcts. The cured individuals had either congenital anomalies, throm- 
bosis, endarteritis, external compression or focal sclerosis of one renal 
artery. In summary, high cell counts in the “Goldblatt type” kidneys 
were correlated with more acute lesions, a shorter duration of the hyper- 
tension, a younger age group, and a favorable prognosis for the relief of 
hypertension after nephrectomy. 
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With regard to specific cell types, those with moderately or heavily 
granulated cytoplasm (types II and III) were increased in all of the 
“Goldblatt type” hypertensive individuals, as compared to the controls, 
but this increase was not significant in any particular group. The clear 
watery cells were decreased in number in the “Goldblatt type” group 
with the poorest therapeutic response, although this decrease was not 
quite statistically significant. 

As noted before, specimens were obtained from the contralateral kid- 
neys in 5 of the “Goldblatt type” cases (Table II). Total cell counts 
were lower, and the number of both granulated and clear cells was re- 


duced significantly in the biopsy, in comparison with the affected kidney 
in the same patient. 


Pyelonephritis 


Juxtaglomerular cell counts in pyelonephritic kidneys with and with- 
out hypertension did not disclose any significant difference from the 


controls, either in the total number or in the different types of cells 
(Fig. 2). 


Essential Hypertension 


Studies of renal specimens in the so-called essential hypertensive group 
gave unexpected results. The cells of the juxtaglomerular body were 
significantly increased in number in comparison with the normal aver- 


Taste II 


JUXTAGLOMERULAR CELL TYPES AND COUNTS IN 5 “GOLDBLATT TYPE” 
KIDNEYS WITH BIOPSY OF THE CONTRALATERAL KIDNEY 


JGCC * Types of cells 
(total) II and III IV 


“Goldblatt kidney” 290 + 55 I9t+9 2214 
Contralateral kidney I9gt + 22 8+3 7 6 
Pp < 0.02 p< 0.05 p< 0.05 


* JGCC = juxtaglomerular cell count. 


age, regardless of the degree of arteriolar sclerosis present (Fig. 4). 
This increase was, however, less marked than in the acute hypertension 
associated with the “Goldblatt type” kidney (p < 0.01). Granularity 
was increased only in the presence of severe arteriolar sclerosis (grade 
III), as compared to kidneys without vascular lesions (grade o) from 
the cases of essential hypertension. The patients had had hypertension 
for periods ranging from 2 to 24 years. In contrast with the “Goldblatt 
type” kidneys, the highest counts were often found in persons who had 
been hypertensive for long periods of time. Particularly, the number of 
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clear cells was significantly increased in specimens from patients hyper- 
tensive for more than 5 years, as compared to the remainder (p < 0.05). 
No correlation was found between the JGCC and the level of the blood 
pressure in these patients. 

The total JGCC in “malignant” hypertension was in the same range 
as in benign essential hypertension. A remarkable feature, however, 
was that the cells were consistently relatively small (Fig. 5). The num- 
ber of clear cells was significantly below the normal average (p < 0.05). 
According to the available clinical data, these patients had, in general, 
a terminal malignant phase superimposed on benign essential hyperten- 
sion of varying duration. 


Pheochromocytoma 


Seven biopsy specimens obtained during an operative procedure for 
removal of a pheochromocytoma also showed a significantly increased 
number of juxtaglomerular cells, similar to that found in essential hyper- 
tension (Fig. 6). These patients had had typical paroxysmal hyperten- 
sion for periods varying from 5 months to 3 years. Assays of 4 pheochro- 
mocytomas for catechols were positive. 


Glomerulonephritis 


The last group, represented by 10 cases of subacute and chronic glom- 
erulonephritis, showed markedly elevated counts on the average. There 
were fairly wide variations among the cases, however. Patients with 
symptoms for less than 2 years, or with histologic alterations of subacute 
glomerulonephritis, had significantly higher counts than the others, 
whether or not hypertension had developed (Fig. 7). The juxtaglom- 
erular bodies appeared shrunken in kidneys extensively damaged by 
chronic glomerulonephritis. 


DISCUSSION 


The most distinctive alteration observed in the juxtaglomerular body 
in surgical tissues was the significant cellular hyperplasia in cases of 
hypertension that followed some occlusive process in one renal artery 
and represented typical examples of primary renal hypertension. This 
was most striking in younger patients, presumably without other serious 
vascular lesions, with only slight to moderate renal atrophy, and with 
hypertension of short duration. These characteristics are regarded clin- 
ically as good indications for unilateral nephrectomy, which is often 
followed by a cure of the hypertension.* The hyperplastic aspect of the 
juxtaglomerular body in a renal biopsy may have an important diag- 
nostic and prognostic value in such cases. Specimens from the contra- 
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lateral kidney, when available, showed that both the total counts and 
the types of cells believed to be functionally more active were signifi- 
cantly decreased in the unaffected kidney. 

These observations favor the possibility of an endocrine function in 
the juxtaglomerular cells. These could secrete some hypertensive factor 
like renin, either following ischemia or, more probably, in response to 
some hemodynamic change within the kidney.”:* Hyperplasia ordinarily 
indicates increased function in many other secretory cells of the body. 

No mitotic figures were observed in the juxtaglomerular cells. The 
latter may originate by transformation of muscle elements in the afferent 
arteriole into secretory cells.’’ In most instances, an analogous trans- 
formation of the muscle components in afferent or even interlobular 
arterioles was noted to accompany the hypertrophy of the juxtaglo- 
merular cells. These muscle cells may enlarge, acquire watery cyto- 
plasm (Fig. 3), and even come to contain Bowie-positive granules; their 
behavior thus appears closely related to that of the juxtaglomerular 
body. 

The clear watery cells (type IV) presumably reflected an excess in 
both hormone production and secretion. It should be noted that the 
granularity of the juxtaglomerular cells in man is much less pronounced 
than in animals. The increase in the number of human cells was in gen- 
eral more significant and reliable than modifications in their granularity. 
A similar phenomenon has also been observed in certain animals,® and 
there may be a definite species difference in man, precluding biologic 
generalizations or sweeping conclusions. As can be seen in Table I, indi- 
vidual variations in granularity were wide, but the deviations appeared 
significant only in the “Goldblatt type” cases and in essential hyper- 
tension with grade III arteriolar sclerosis. 

The stains now available for juxtaglomerular granules are selective 
but not specific, and the nature of the granules is unknown. They may 
represent stored vasopressor substance or a precursor of the active pro- 
teolytic enzyme, renin. A close correlation between renin extracted from 
the kidney and the number of granules in the juxtaglomerular cells has 
been shown in animals.’’ Analogous results in human subjects were not 
obtained in our series, perhaps because of technical difficulties.’* Hart- 
roft and Edelman *® recently demonstrated, in rabbits and rats, a selec- 
tive absorption by the juxtaglomerular granules of fluorescent antibodies 
to almost pure renin. 

These results are highly suggestive of the presence of a vasopressor 
substance like renin or of a precursor in the juxtaglomerular cells. Pro- 
teolytic enzymes seldom exist as such intracellularly, and some autolysis 
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is necessary before renin can be extracted biochemically from renal 
tissue. 

The problem is still unsolved in cases of pyelonephritis with hyper- 
tension. No definite juxtaglomerular alteration was found. The patients 
with unilateral pyelonephritis, in general, had a moderate hypertension 
for several years; their average age was 53 -+- 15 years, and they were 
not cured of their hypertension by a nephrectomy. One exception was a 
22-year-old woman with a blood pressure of 220/130 for 17 months; 
removal of the diseased kidney was followed by a return of the blood 
pressure to normal levels. 

In pyelonephritis with hypertension, the arcuate and interlobular 
arteries have thicker walls and a more reduced lumen than in pyelo- 
nephritis without hypertension.”° The average diastolic pressure is higher 
in patients with pyelonephritis for the same degrees of arteriolar sclerosis 
as compared to individuals with essential hypertension.”* A character- 
istic proliferative endarteritis with resulting narrowing of the lumen 
has been repeatedly described in pyelonephritis.2”?* There may be a 
prolonged low-grade internal ischemia or hemodynamic modification in 
the kidney following injury to the vessels in pyelonephritis, with hyper- 
tension as a final result. Further investigation, especially in younger 
patients with early hypertension, would be desirable to prove this hy- 
pothesis. 

In the examples of essential hypertension investigated, a significant 
increase in the total number of juxtaglomerular cells was noted. The 
average number of granular and clear cells did not differ in the various 
subgroups, except for increased granularity in the group with severe 
arteriolar sclerosis (grade III). The number of clear cells, however, was 
found to increase in relation to the duration of the hypertension in indi- 
vidual cases (p < 0.05). The transformation of muscle cells in afferent 
arterioles into round clear or granular cells was particularly striking. 
Very similar features were observed in the kidney tissues from patients 
with pheochromocytoma. In the latter groups, the change was very likely 
secondary to intermittent secretion of catecholamines, spasm and ana- 
tomic alterations in the renal vasculature.**”° This similarity does not 
exclude a primary renal vasopressor factor in essential hypertension. 
On the other hand, secondary changes both in renal vessels ** and juxta- 
glomerular cells could contribute renal factors with the property of sus- 

taining early functional hypertension and making it irreversible. 

If the large clear cells are presumed to be hyperactive, and the small 
cells nonfunctioning, the reduced number of clear cells in “malignant” 

hypertension appears paradoxical. It is possible that a blood pressure 
high enough to cause arteriolar necrosis may also inhibit the juxtaglo- 
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merular secretion by a mechanism opposite to that found in “Goldblatt 
type” kidneys. The increase of hypertensin once reported in such cases *° 
would remain unexplained, since renin is thought to be necessary to 
transform hypertensinogen into hypertensin. 

The findings in glomerulonephritis are in agreement with Goormagh- 
tigh’s original description, as were those in the “Goldblatt type” kidneys. 
There was hyperplasia in early stages, regardless of the level of blood 
pressure, and atrophy in the extensively scarred kidneys. The absence 
of hypertension in some cases of subacute glomerulonephritis is not 
presently explainable. It may be necessary to invoke such a factor as a 
modification in the enzymatic system for degradation of pressor amines 
to explain the persistent hypertension in patients with severely damaged 
kidneys and atrophic juxtaglomerular bodies as were found in chronic 
glomerulonephritis, advanced chronic pyelonephritis and protracted 
“Goldblatt type” kidney lesions. Recently an early increase in the secre- 
tion of renin was reported in experimental renal hypertension. This was 
followed in the chronic stages by a decreased secretion of renin and a 
change in the ratio of renal amine-oxidase to dopa-decarboxylase.”" 


SUMMARY 


A statistically significant hyperplasia and some increased granularity 
of renal juxtaglomerular cells occurred in the affected kidney in proved 
cases of primary renal hypertension in man. These changes were more 
marked in patients with hypertension for less than one year who were 
cured or markedly improved by nephrectomy. The observations support 
Goormaghtigh’s original concept of an endocrine function in the juxta- 
glomerular cells, which could thus secrete some hypertensive factor, 
probably renin, following an alteration in renal hemodynamics. 

The significant juxtaglomerular cell hyperplasia found in the early 
stages of glomerulonephritis is also considered to constitute a potential 
cause of primary renal hypertension. A moderate hyperplasia of the 
juxtaglomerular body in patients with pheochromocytoma, and similar 
findings in essential hypertension, are thought to be secondary reactions 
to arteriolar spasm and sclerosis. Relationships were less clear between 
the structure of the juxtaglomerular body and malignant hypertension 
or hypertension associated with chronic pyelonephritis. 
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LEGENDS FOR FIGURES 


All illustrations were prepared from tissues stained by the Bowie method.* 


Fic. 


Fic. 


Fic. 


1. Juxtaglomerular body, kidney of a 49-year-old man without hypertension, 
operated upon for renal carcinoma. The dark fine cytoplasmic granules in the 
juxtaglomerular cells were deep purple with the Bowie stain. < 450. 


2. Kidney with nephrolithiasis and severe chronic pyelonephritis; 32-year-old 
woman with hypertension. Bowie-stained cytoplasmic granules are evident in 
some of the convoluted tubular epithelium. Juxtaglomerular cells are shown 
near the bottom of the illustration. X 450. 


3. Kidney with localized endarteritis and narrowing of the renal artery; 
21-year-old man with hypertension of short duration. The clinical result fol- 
lowing nephrectomy was excellent, with relief of the hypertension. A hyper- 
plastic juxtaglomerular apparatus, with an increased number of enlarged hy- 
dropic (type IV) juxtaglomerular cells and a similar transformation of some 
cells in the afferent arteriole. X 240. 
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Fic. 


Fic. 


Fic. 


Fic. 


4. Arenal biopsy taken at sympathectomy from a patient with essential hyper- 
tension and moderate arteriolar nephrosclerosis (grade II). There is hyper- 
plasia of a juxtaglomerular body which includes several type IV cells. Bowie- 
positive granules are present in the tubular epithelium. Xx 450. 


5. Shrunken juxtaglomerular cells in malignant hypertension with severe arte- 
riolar nephrosclerosis (grade III). The dark smudges represent focal fibrinoid 
necrosis in the afferent arteriole and glomerulus. X 450. 


6. A renal biopsy taken at operation for removal of a pheochromocytoma. 
Hyperplasia of the juxtaglomerular cells and a cross section of an unaltered 
afferent arteriole are demonstrated. X 450. 


7. Juxtaglomerular apparatus in a case of chronic glomerulonephritis. The 
hyperplastic changes evident were not correlated with hypertension. x 450. 
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PANETH CELL METAPLASIA IN ULCERATIVE COLITIS 


J. C. Paterson, M.D., ann S. H. Watson, M.D.C.M. 


From the Laboratory Service, Westminster Hospital, 
Department of Veterans Affairs, London, Ontario, Canada 


The pathologic diagnosis of ulcerative colitis is reached by exclusion. 

In the absence of specific infective agents or lesions, the pathologist de- 
pends principally upon the clinical history, the characteristic gross ap- 
pearance of the ulcers, and the striking tendency for pseudopolyp forma- 
tion. However, the identification of certain microscopic changes may 
be helpful in many cases, notably the presence of cryptitis, nonspecific 
ulceration, focal granulomas, etc. We have recently become interested 
in another microscopic alteration—Paneth cell metaplasia—a lesion 
which was described by Hertzog? in a single case of ulcerative colitis 
13 years ago but which apparently has not been mentioned in any mod- 
ern treatise on the pathology of the disease.?* 

Paneth cells are normally present in the mucosa of the small intestine, 
but most authorities state that they are absent from the normal colon.®* 
Nevertheless, it should be noted that Bloch?® found numbers of these 
cells in the large intestine of newborn infants although they could not 
usually be demonstrated at older ages. However, he did find Paneth 
cells in one adult with appendicitis, and Hertzog* noted them in 3 of 25 
diseased colons—in the case of ulcerative colitis mentioned above and 
in two cases of tuberculous typhlitis. Our interest in these cells stems 
from an accidental observation made during the microscopic study of 
a segment of colon removed surgically from an individual with long- 
standing ulcerative colitis. On preliminary examination the impression 
was gained that Paneth cells were almost as numerous in the colonic 
crypts as they were in the mucosa of the accompanying segment of 
terminal ileum (Fig. 1). The metaplastic change was so striking that 
it stimulated us to search for it in tissue from other surgically treated 
cases of ulcerative colitis in our hospital and in an associated institution. 
The results of this review and of the observations in a comparable num- 
ber of colons resected for other diseases are the basis of the present 
report. 


MATERIAL AND METHOD 


Tissue was obtained from all cases of ulcerative colitis that had been treated by 
partial colectomy in our hospital over a period of 10 years. Since only 4 such cases 
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were available, the series was augmented by 6 additional specimens from cases of 
ulcerative colitis treated surgically at Victoria Hospital, London, Ontario. Multiple 
sections of the colon were cut at intervals from the paraffin blocks already available 
from each of these 10 cases; they were stained with hematoxylin and eosin and 
examined microscopically for the presence and the incidence of Paneth cells. The 
exact procedure was to count the number of glands in as many low power (X 70) 
microscopic fields as possible, the maximum number of microscopic fields counted 
in any one case being roo. The number of glands containing one or more Paneth cells 
was then noted. To avoid counting the same gland twice in any one microscopic field, 
only the bases of the crypts were considered; similarly, the only Paneth cells counted 
were those at the bases of the same crypts. The criterion for the diagnosis of Paneth 
cells was the presence of large eosinophilic granules, supranuclear in position, lying 
in the cytoplasm of cells at the bases of the crypts® (Fig. 2). 

Similarly, the incidence of Paneth cells was determined in colons which had been 
resected for diseases other than ulcerative colitis. Ten such specimens were obtained 
from our own files or from Victoria Hospital. Most of them were examples of partial 
colectomy performed for adenocarcinoma. The search for Paneth cells in this mate- 
rial was made from blocks of tissue as far distant as possible from the sites of neo- 
plasm. 

No attempt has been made to determine the incidence of Paneth cell metaplasia 
of the colon in necropsy material as it was suspected that postmortem autolysis 
might interfere with the staining qualities of the specific cytoplasmic granules.* 


OBSERVATIONS 


Each of the 10 cases listed in Table I fulfilled the criteria described for 
ulcerative colitis, both pathologically and clinically. They have been 
listed in the table in the order of duration of symptoms. The percentages 
of glands showing the presence of one or more Paneth cells at the bases 
of crypts in each case of ulcerative colitis are given in the same table. 
It will be noted that the number of crypts showing the presence of 
these cells varied from 0.6 per cent to 30 per cent (average 19.6 per 
cent) and that, with the exception of case 8, there was a reasonable cor- 
relation between the incidence of Paneth cells and the clinical duration 
of disease. This is in marked contrast to the number of Paneth cells 
found at the bases of crypts in the control specimens (Table II), in 
which the average number was only 0.3 per cent. 

The number of Paneth cells found in any one crypt in the cases of 
ulcerative colitis varied considerably; generally, 1 or 2 of these cells 
were found although occasionally as many as 5 could be distinguished. 
In addition, a diminution in the number of crypts per low power field, 
compared with that in the control group, was present in the ulcerative 
colitis. This has been noted previously by Lumb.° 

No Paneth cells were seen adjacent to areas of recent acute ulceration 
unless evidence of previous damage was present; nor were their granules 
ever noted within a crypt abscess. The cells were usually found in areas 
which were interpreted as regenerated or previously damaged mucosa. 
In these locations the crypts were often irregular, the mucosa thinner 
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than normal, and the submucosa scarred. In one instance, Paneth cells 
were seen in the depth of a crypt which was, or appeared to be, affected 
by cryptitis at a different level (Fig. 3); and in another, a small clump 
of cells which contained a few eosinophilic granules lay at the margin 
of a micro-abscess. These latter findings, although suggestive of an asso- 
ciation between Paneth cells and cryptitis, were by no means definite. 


TABLE I 
THE INCIDENCE OF PANETH CELL METAPLASIA OF THE COLON IN ULCERATIVE COLITIS 


No. of Av.no.of Total no.of Percentage of 

Duration low-power Total cryptsper cryptswith crypts with 

Case Age of disease _ fields crypts low-power oneor more one or more 

no. (yr.) Sex (yr.) counted counted field Paneth cells Paneth cells 
I 47 F 20 43 245 6 63 26.0 
2 37 M 17 100 649 6 174 27.0 
3 39 F 16 94 585 6 174 30.0 
4 32 M 13 100 935 9 252 27.0 
5 49 M 10 100 928 9 243 26.0 
6 29 M 9 100 682 7 124 18.0 
7 20 F 4 38 255 7 31 12.0 
8 21 M 1% 98 780 8 191 24.0 
9 20 F 1% 52 418 8 20 5.0 
be) 36 F I 55 311 6 2 0.6 


TABLE II 
THE INCIDENCE OF PANETH CELL METAPLASIA IN “NORMAL” COLONS 


No. of Av.no.of Total no. of Percentage of 
low-power Total crypts per cryptswith crypts with 
Case Age fields crypts low-power one ormore one or more 


counted counted field 


Paneth cells Paneth cells 


M 100 II 0.3 
M 100 1407 14 2 O.I 
M 100 Ir 3 0.3 
M 100 1348 13 8 0.6 
M 100 1234 12 2 0.2 
F 100 1187 12 I 0.1 
F 100 979 9 14 14 
F 100 1182 12 ° 0.0 
M 100 1125 Ir 4 0.4 
M 100 1320 13 ° 


0.0 


DISCUSSION 


Contrary to the views expressed in earlier reports,?** our results 
indicate clearly that Paneth cells are present in the mucosal crypts of 
most “normal” colons. However, their numbers are so sparse that they 
can only be demonstrated by a searching examination of many micro- 
scopic fields in a particular specimen. On the other hand, their number 


Average 19.6 
Ir 72 
12 76 
13 57 
14 63 
15 68 
16 80 
17 77 
18 74 
19 65 
20 45 
Average 0.3 
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has been found to be enormously increased (even as much as 300 fold) 
in association with the regenerative phase of ulcerative colitis (Tables I 
and IT). 

The obvious question arises: Are such large numbers of Paneth cells 
in the colon of any importance in the initiation of ulcerative colitis? We 
doubt if this is so because of the definite suggestion in our cases that the 
more long-standing the disease process, the greater the number of 
Paneth cells (Table I). Indeed, we found very few of them in the colon 
from one individual (case 10) who had suffered from symptoms for only 
one year. This being the case, the presence of Paneth cells in association 
with long-standing ulcerative colitis must be interpreted as a metaplastic 
alteration—as the differentiation of previously undifferentiated cells at 
the bases of colonic crypts. They are therefore regarded as the result, 
rather than the cause, of colonic inflammation or regeneration. This is 
analogous to the intestinalization of gastric mucosa found in chronic 
gastritis. This interpretation, however, does not necessarily mean that 
Paneth cells in these locations have no pathogenetic significance; it does 
not eliminate the possibility that they may assist in perpetuating the 
disease. 

The exact function of the Paneth cells in man is still a mystery. At 
one time they were presumed to secrete the ferments of the intestinal 
juice, and this view has had a certain amount of support in recent pub- 
lications. For example, Blaschko and Jacobson,” citing van Weel, as- 
serted that Paneth cells in the ileum of the rat produced a proteolytic 
exoenzyme, dipeptidase. Marques de Castro, Sasso and Saad ** also pre- 
sented evidence that the secretion of these cells in the ant eater was 
capable of digesting chitin, whereas in the rabbit it digested scleropro- 
tein. If it can be shown that the Paneth cells of man have similar or re- 
lated proteolytic actions, their liberation into the lumens of colonic 
crypts offers a possible explanation for the production of micro-abscesses 
(cryptitis) and for the spreading mucosal inflammation which are such 
characteristic features of the disease.** This hypothetical mechanism 
should apply particularly in patients in remission, since with normal de- 
hydration of the fecal stream there would be less dilution of the liberated 
ferments and more chance of a local histolytic effect. Further support 
to this suggestion is found in the observation that even surgically de- 
functioned colons were subject to continuing active inflammation and 
ulceration.* The words of Warren and Sommers ‘® are also pertinent: 
‘Presence of early lesions [cryptitis] in a uniform location within the 
crypts, even though scattered along the course of the intestine, suggests 
... that the irritant is being released by the mucosa. The possible role 
of such agents as proteolytic enzymes in ulcerative colitis already has 
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aroused much clinical interest, but their origin from the colonic mucosa 
has not been considered previously and now requires further investiga- 
tion.” 

More information on the functions of Paneth cells is therefore re- 
quired, and in particular on the possible proteolytic action of their 
granules. Until this information is available, the significance of Paneth 
cell metaplasia in the pathogenesis of ulcerative colitis must remain 
speculative. This is particularly so since we have not yet succeeded in 
demonstrating, unequivocally, Paneth cells in intimate association with 
a micro-abscess in a single colonic crypt. 


SUMMARY 


A searching examination of many microscopic fields of colons resected 
surgically for ulcerative colitis, and for other diseases, has revealed 
Paneth cells in the colonic crypts of most of the specimens. They were 
exceedingly sparse in “normal” colons, but their numbers were markedly 
increased in cases of ulcerative colitis (as much as 300 fold). The wide- 
spread Paneth cell metaplasia of the large intestine is considered to be 
the result, rather than the cause, of ulcerative colitis. On the other hand, 
the possibility that Paneth cells in the colonic crypts may be important 
perpetuating agents of the disease has not been eliminated. 
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We are indebted to Professor J. H. Fisher for supplying us with pathologic specimens 
from Victoria Hospital, London, Ontario. 


LEGENDS FOR FIGURES 
Photographs were prepared from sections stained with hematoxylin and eosin. 


Fic. 1. Four crypts in the large intestine of a case of long-standing ulcerative colitis 
(case 5). Each crypt has numbers of Paneth cells at its base. X 300. 


Fic. 2. A single colonic crypt containing numerous Paneth cell granules, supra- 
nuclear in position, at the base of the crypt. X 600. 


Fic. 3. The crypt of Lieberkiihn on the left contains a micro-abscess at one level. 
At the base of the crypt, shown in the box and magnified on the right, there 
are several Paneth cells. Left, X 200; right, X 600. 
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RHEUMATIC PHLEBITIS OF THE CORONARY VEINS 


C. von Graun, M.D., anp Marvin Kuscuner, M.D. 


From the Departments of Pathology, Louisiana State University School of Medicine, 
New Orleans, La., and New York University School of Medicine, New York, N.Y. 


In the older literature are found many references to rheumatic phlebi- 

tis, usually with thrombosis. The vessels most frequently involved were 
in the upper part of the body. The changes in the veins were those 
associated with an organizing thrombus, and it is doubtful that with our 
present knowledge of the lesions of rheumatic fever, any of these re- 
ported cases would be accepted as being of rheumatic origin. The perti- 
nent publications have been summarized by Sladen and Winternitz* 
and need not be reviewed here. There are few reports of rheumatic 
phlebitis in recent publications. Pappenheimer and Von Glahn? men- 
tioned the involvement of a myocardial vein in a case of rheumatic fever. 
The vein wall was lifted into irregular prominences by a mass of cells 
that replaced the muscular elements and pushed the intact overlying 
endothelium into the lumen. In the legends accompanying the illustra- 
tions of this lesion, it is stated that the vein wall was infiltrated with 
neutrophils and large basophilic cells with distorted nuclei. The endo- 
thelium was swollen. 

Shaw ® described an acute vascular lesion affecting the venules and, 
less frequently, arterioles in cases of rheumatic fever. The vessels 
affected were situated in the myocardium, auriculoventricular sulcus, 
the connective tissue between the auricles and atrial trunks, and the 
mediastinum. All coats of the vessels were infiltrated with many neu- 
trophils. The intact endothelial lining was raised like a blister over the 
cellular exudate. Usually only a sector of the vessel wall was involved, 
rarely the whole circumference. Absence of thrombosis was a striking 
feature although specific stains disclosed an abundance of fibrin beneath 
the endothelium and extending outward into the adventitia. Graff,* in a 
discussion of the changes in the tonsil, mentions an infiltration of the 
wall of a vein that he believed to be of rheumatic origin and that was 
accompanied by thrombosis. Perry ® reported phlebitis with thrombosis 
in a young girl who had had two attacks of rheumatic fever. The left 
subclavian, internal jugular and innominate veins and the right internal 
jugular vein were occluded by thrombi. The adventitia of the veins was 
hyperemic and infiltrated with small round cells. Loose collections of 
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cells about the nutrient vessels were present in the media; these cells 
appeared to be of connective origin and, where grouped together, formed 
small nodules that resembled Aschoff nodules of the myocardium. The 
thrombi were closely adherent to the intima. 

Klinge ° referred in great detail to rheumatic granulomas in the walls 
of some coronary veins and to “fibrinoid swelling” in others. Similar 
involvement of extracardiac veins in the neck and thorax was described. 
Gross, Kugel and Epstein,’ in reporting the lesions of the coronary ar- 
teries in rheumatic fever, mentioned “fibrinoid necrosis” of a coronary 
vein and in another vein, a verrucous endophlebitis. Baggenstoss * in the 
section on rheumatic disease in Gould’s Pathology of the Heart stated 
that rheumatic inflammation of the veins was not uncommon, and one of 
the illustrations showed a venous mural granulomatous reaction. 

Recently there has come to our attention a lesion in the coronary 
sinuses in cases of rheumatic cardiac disease that is unlike the usual 
forms of phlebitis and that seemed worthy of further study. No comment 
can be made concerning gross changes in the sinus wall since the hearts 
were no longer available for examination. 


MATERIAL AND METHODS 


The histologic sections from cases of active rheumatic cardiac disease were 
reviewed to determine in how many instances blocks of tissue had been removed 
that included the coronary sinus. These were fragments of myocardium that had 
been taken from the margin of the customary incision to open the left ventricle 
posteriorly and included the mitral valve and the left atrium. There were found 19 
sections from 18 cases that were suitable for this study (Table I). In addition, a 
block of tissue taken from one of these hearts through the tricuspid valve and right 
atrium had in it a cross section of the small coronary vein in the right atrioventricular 
groove. These tissues had been fixed in either Zenker’s solution or 10 per cent for- 
malin and were embedded in paraffin. 

Additional sections were made from the paraffin-embedded tissues and were 
stained in various ways: hematoxylin and eosin, phosphotungstic acid-hematoxylin, 
aniline blue, and Weigert’s stain for elastic tissue combined with van Gieson’s stain. 

Similar sections from 35 individuals of comparable ages were examined; none of 
these had any clinical or pathologic evidence of rheumatic disease. These served as 
a control series. 


HistoLocic ALTERATIONS IN THE SINUS AND VEINS 


The histologic alterations were variable; yet they formed a distinctive 
group. In some instances there were collections of neutrophils in the 
adventitia of the sinus. This acute reaction was, at times, continued 
through the media into the intima, resulting in a widening of these layers 
and especially of the intima (Fig. 1). Nodular collections of large cells 
with vesicular nuclei and abundant cytoplasm were also to be found in 
other instances, clustered about fragments of swollen collagen in the 
adventitia. A prominent, irregular or bar-shaped nucleolus was present 
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in each nucleus; some of these cells contained two or more nuclei. These 
cellular accumulations were in every way identical with Aschoff bodies; 
they occurred singly in the adventitia, at other times were numerous and 
sometimes lay so closely together that they coalesced (Fig. 2). Occa- 
sionally, similar cells seen in the media did not form nodules. 

In addition to the acute inflammatory reaction in the intima there 
was another and very striking intimal alteration that, when present, was 
an outstanding feature. Clumps of dense, eosin-staining material in the 
intima formed a prominent band that was bordered by a palisade of per- 
pendicularly arranged large mononuclear cells. Among these mononu- 
clear cells was an occasional cell with two nuclei. Numerous strands of 
fibrin were present in the eosin-staining areas. The eosinophilic sub- 
stance and the cellular infiltrate widened the intima and gave to the 
surface a somewhat wrinkled or corrugated appearance (Figs. 3 and 4). 
The endothelial cells were swollen over the affected area but were intact. 
Occasionally, over an area where the intima was widened and inflamed, 
there was a thin layer of fibrin with the strands parallel to the surface. 
A thrombus was not found in any instance. The elastica interna was 
fragmented. 

The healing of Aschoff nodules left dense avascular scars in the ad- 
ventitia. When the reaction in the vessel wall was acute, a granulation 
tissue sprang up in the adventitia; capillaries traversed the media and 
penetrated through gaps in the elastic interna into the involved portion 
of the intima. The intima was thickened by strands of collagen, among 
which were the new capillaries (Fig. 5). Later, as the lesion became 
older, the collagen in the intima appeared more compact, and in it a 
thick-walled vessel with a surrounding infiltration of lymphocytes was 
occasionally encountered. The intima was thus permanently thickened 
(Fig. 6). 

These lesions affected only sectors of the sinus and extended along 
the vessel for short distances. Several sectors of the sinus wall might 
be involved by acute lesions, or there were acute and healing or healed 
lesions with segments of normal sinus wall between them. In no instance 
was the sinus affected about its entire circumference at a given level. 
However, in serial sections, in another sector near by or on the opposite 
wall of the sinus a new acute focus or a healed lesion could be found. 
Depositions of calcium were not seen. 

The smaller branches of the veins were occasionally acutely inflamed; 
their walls were infiltrated with neutrophils. Aschoff nodules were found 
in the adventitia of some without an acute inflammatory reaction. 
Neither the bandlike lesion nor thrombi were seen in these small venous 
branches. 
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In this series of 18 cases, lesions of the coronary sinus, as described, 
were found in ro. An acute inflammatory reaction of the sinus was found 
in 8 cases, and in 5 of these there were also Aschoff bodies in the ad- 
ventitia. Aschoff bodies were present in the adventitia without other 
reaction in 1 case. In 3 cases there were bands of eosin-staining material 
in the intima and an acute inflammatory reaction with Aschoff bodies in 
the adventitia of the sinus. Healed lesions were seen in the sinus in 5 
cases, in 4 of these there were also acute lesions. 
In none of the control cases were comparable lesions seen. 


DISCUSSION 


There were close resemblances between the lesions in the coronary 
sinus and those in the atrial endocardium in rheumatic fever. In the 
coronary sinus and atrial endocardium, Aschoff nodules were found in the 
outer layer; also there were acute inflammatory reactions and striking 
bandlike lesions. The cytologic responses were essentially identical. 
Whether the involvement of the sinus was an extension of a lesion in the 
right atrium or an independent lesion could not be determined from this 
study, as there were no sections that included the terminal portion of 
the sinus and the right atrium. There was only one atrioventricular sec- 
tion that included the right atrium; in this instance the endocardium 
was the site of an endocarditis identical with the rheumatic endocarditis 
in the left atrium. In each of the cases, characteristic rheumatic lesions 
were present in other parts of the heart. Similar sinus lesions were not 
found in the control tissues. 

These lesions in the coronary sinus apparently developed and healed 
rapidly or were present before there were any symptoms or clinical evi- 
dences of rheumatic cardiac disease. For example, acute lesions were 
found in the sinus in a child 2% years of age who died 11 days after the 
onset of symptoms (#42391). In another child, aged 4 years, only 
healed and healing lesions of the sinus were present; this child had a 
clinical history of rheumatic disease of 3 weeks’ duration (#A-52-1329). 
In only 3 of the cases did a coronary sinus have all 3 of the different 
types of changes described, namely, Aschoff bodies, the acute inflamma- 
tory reaction and the bandlike lesion. More often the first two of these 
lesions were present. As in the rheumatic endocarditis of the left atrium, 
acute and healed lesions were frequently encountered in a single section 
of the sinus. 

Involvement of the entire circumference of the sinus was not ob- 
served; the damage was limited to sectors of the sinus wall, though in 
serial sections several sectors might be involved at different levels. This 
localized involvement was noted previously by Shaw.® The absence of 
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thrombi associated with phlebitis of the sinuses seemed remarkable in 
view of the extensive damage to these vessels; this has also been men- 
tioned by Shaw. Failure of thrombus formation is likewise a feature of 
rheumatic arteritis,® as it is in auriculitis’*"* and in involvement of 
the auricular appendage.’” 

The phlebitis of the coronary sinus should produce a grossly visible 
lesion; at least the thickening of the intima seemed to be sufficiently 
marked for it to be noted. One may only speculate about possible rheu- 
matic lesions in the veins in other parts of the body. Judging by the few 
recent reports concerning rheumatic phlebitis, careful studies of veins do 
not appear to have been made, even though rheumatic arteritis and 
aortitis have been recognized for many years. Perhaps this is due to the 
absence of thrombosis, since this would be most likely to attract atten- 
tion to a venous lesion. It would not be surprising to discover that the 
veins are more often damaged in rheumatic fever than is presently be- 
lieved; indeed, one might anticipate this to be true in view of the involve- 
ment of the arterial portions of the vascular system. 


SUMMARY 


There was found in the coronary sinus of the heart a distinctive lesion 
in rheumatic fever that was different from any of the usual forms of 
phlebitis. The lesion involved only sectors of the sinus wall and in its 
structure closely resembled rheumatic endocarditis of the left atrium. 
The phlebitis apparently developed and healed rapidly or might exist 
before there was clinical evidence of rheumatic cardiac disease. The 
presence of acute and healed lesions in the same sinus would indicate that 


the vessel was being damaged repeatedly. There was an absence of 
thrombosis with this lesion. 
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LEGENDS FOR FIGURES 


All illustrations were prepared from sections stained with hematoxylin and eosin. 
Fic. 1. Acute inflammatory reaction in the intima of a coronary sinus. The intima 
is widened. There is no thrombus over the area. X 300. 


Fic. 2. Section through a vein in the right atrioventricular groove, showing two 
Aschoff nodules in the adventitia. One of the Aschoff cells is multinucleated. 
X 300. 
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Fic. 3. Coronary sinus. The intima is greatly widened by a broad band of compact, 
eosinophilic substance bordered by perpendicularly arranged large mononuclear 
cells. The endothelium is intact. There is no thrombosis. In the adventitia is an 
acute inflammatory reaction; neutrophils also infiltrate the media. X 150. 


Fic. 4. Higher magnification of a portion of the lesion shown in Figure 3. The in- 
ternal elastic lamella is split. X 300. 
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Fic. 5. Coronary sinus; healed lesion. The intima is widened by strands of collagen, 
with large capillaries. X 300. 


Fic. 6. Coronary sinus; healed lesion. The intima is thickened by compact collagen 
in which a thick-walled vessel is surrounded by lymphocytes. This healed lesion 
is in the sinus wall directly opposite the acute lesion shown in Figures 3 and 4. 
X 300. 
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